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PREFACE 

» 

In the preparation of this book on automatic screw machines and 
their tool equipment, we have endeavored to embody material which will 
constitute a comprehensive treatise for tool designers, toolmakers, and 
machine operators. 

The subject-matter of the book divides naturally into two sections, 
one devoted to various types of machines and their construction, general 
tool equipments, methods of camming, etc. ; the other dealing with tools 
in detail, and containing specific information on making and using these 
tools, the speeds and feeds at which they should be operated, and other 
particulars which it is hoped may be of service to mechanics connected 
with screw machine work. The chapters on camming and on different 
types of cutting tools were prepared originally for publication in the 
columns of the American Machinist; they are here arranged in some- 
what more convenient form for reference. 

It Ivill be noted that in Section I a number of machines are included 
which, strictly speaking, are of the chucking machine type and "semi- 
automatic" in their operation, the chucking of the work being accom- 
plished by hand. Aside from this feature, they are, broadly considered, 
similar in principle to the full automatic machines, although their capacity 
and the method of holding the material adapt them to the machining of 
a heavier or otherwise different class of work from that usually produced 
on "automatics" working entirely from bar stock or on castings and 
forgings fed to the chuck by means of magazines. 

We recognize the fact that the name "automatic screw machine" 
is hardly broad enough for the designation of a machine which can pro- 
duce from the bar, from castings or from forgings, almost any symmetrical 
piece that may fall within the capacity of the chuck and turret traverse. 
However, the purpose for which this type of machine was originally con- 
ceived, naturally determined its title, and, although to-day the making 
of screws is but a small part of the work it accomplishes, it is still gen- 
^^ erally known by its original name. A few makers, especially of the medium 
and larger sizes of machines, refer to them as automatic "turret lathes" 
^ and automatic "turret machines," and in the chapter headings we have 
flw followed the respective manufacturers' preferences in tlie matter. 
^ The Authors. 
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SECTION I 

TYPES OF MACHINES 

METHODS OF CAMMING AND TOOL EQUIPMENTS 



CHAPTER I 

The Pkatt & Whitney Al'tdmatic Screw Machini 

The automatic screw mnchine built by the Pratt & Wliituey Company, 
Hartford, Conn., is of the vertical turret type, with cam'dmma carried 

upon opposite ends of a longitudiiuil shaft for openiting the turret an<l ' 



I 




4 THE PRATT & WHITNEY AUTOMATIC SCREW MACHINE 

the chucking and feeding mechanism. This machine is illustrated as a 
whole by the half-tone engraving, Fig. 1; the line drawings Figs. 2 to 5 
showing the principal features of construction. 

ARRANGEMENT OF CAM DRUMS AND DISKS 

The drum seen in Fig. 1 near the right-hand end of the main shaft 
carries a series of plain strap cams arranged obliquely for moving the 
turret slide to and fro; the drum at the left end is fitted with cams of 
the same general character for opening and closing the chuck and feed- 
ing the stock through the spindle. The disk located at about the middle 
of the length of the shaft has on its right face ordinarily a pair of flat cams 
which operate a vertical lever at the front of the cross slide and move 
the slide toward the rear; the opposite face of the disk is provided with 
similar cams which act upon a corresponding lever at the rear of the cross 
slide to move the slide tow^ard the front of the machine. The smaller 
disk immediately under the head carries a series of dogs adjustable about 
the disk periphery and adapted to control the shifter lever w^hich moves 
the open and cross belts on and off the tight and loose pulleys on the 
spindle. Dogs of similar form are carried on the spider disk at the 
extreme right-hand end of the machine, for controlling the fast and 
slow feed-driving mechanism which rotates the cam-drum shaft through 
the medium of worm and worm wheel, both of which are plainly visible in 
the half-tone. 

THE SPINDLE AND CHUCK MECHANISM 

As will be seen upon examination of Fig. 2, the spindle carries a pair 
of loose pulleys for the forward and reversing belts, and between them 
is a third pulley secured to the spindle and driving it in either direction 
according to which belt is operating on it at the time. The spring collet 
for holding the bar stock and the feed tube for moving the bar forward 
when the chuck is opened are plainly shown in the sectional drawing, as 
is also the mechanism at the rear of the spindle for operating the chuck 
and feed. 

In this illustration, A is a sliding block that moves feed tube B to 
and fro, and C another sliding block that closes the chuck through the 
medium of sliding cone /), pivoted fingers Ey and tube F w^hich extends 
through the spindle G. Both sliding blocks A and C are operated by 
cams on the "chucking" drum directly beneath, and these cams, here 
shown in outline, will be referred to later. It may be stated here, how- 
ever, that the distance the stock is fed when the chuck is opened is 
determined to within close limits by the distance the feed tube is drawn 
to the rear by its cam while the chuck is closed. Exact feeding to length 
is of course assured by using a stock-stop in the turret. 

The "feed fingers'' screwed into the front end of the feed tube B 
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6 THE PRATT & WHITNEY AUTOMATIC SCREW MACHINE 

maintain a constant spring grip on the bar of stock and are ready to cany 
the bar forward the moment the chuck is opened. The latter has suffi- 
cient expanding tendency due to the method of spring tempering to 
release its grip on the stock the instant the operating block C is slid 
forward by its cam to withdraw cone D from between fingers E. The 
chuck may be operated by hand at any time in setting up by means of 
a crank-actuated pinion and rack connected with block C. The arrange- 
ment of the cams for the chuck and stock feeding mechanism as well as 
for operating the turret slide are fully described in the next chapter of 
this book under the general heading of camming. 

THE TURRET SLIDE AND TURRET 

The turret and its slide are shown in Fig. 3. The slide is reciprocated 

by the roll underside which contacts with the cams on the drum below. 
The turret is indexed step by step at each return of the slide by the four- 
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FiQ. 3. — Construction of Turret Slkle and Turret 
toothefi ratchet wheel a, which is secured to the bottom of the turret 
and as it is carried to the right comes into engagement with the end of 
pawl h, whose rear end is pivoted in the turret-slide block and whose 
forward end is kept constantly against the periphery of the toothed 
ratchet by spring plunger c. 



THE CROSS SLIDE 7 

Immediately prior to the ratchet coming into contact with the for- 
ward end of the pawl, the locking bolt d is withdrawn from the notch in 
the indexing ring c by its pin / coming in contact with the inclined surface 
at the forward end of wedge g pivoted at the rear of the turret-slide block. 
As shown in the general plan, and in the sectional view with the locking 
bolt guide cover removed, the bolt is withdrawn from the index ring. 
The turret is shown ready to start rotating and upon a slight further 
movement to the rear the rotary action commences and the locking bolt 
clearing the heel of the wedge by which it is withdrawn, is forced by its 
spring against the index ring and drops into the next notch when that 
notch is brought opposite the bolt end upon the completion of the 
quarter turn of the turret. 



Fio. 4 — The Cross Slide and its Operating Lcvere 
The method of gibbing the locking bolt is shown in the drawing. The 
bolt itself, as will be noticed, has one radial side sliding against a corre- 
sponding side of the notch in the index ring and locates the turret accu- 
rately, while the wear due to the thrust is taken on the relatively 
unimportant bevelled side of the bolt. 



The cross slide, shown in Fig. 4, is adapted to carry front and rear 
blocks for forming and cut-off tools and is operat"^ '~'e« 
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and the cam disk already mentioned. Both levers carry screws in their 
upper ends which may be adjusted to feed the cross slide to the desired 
point in either direction. The cam disk is shown blank in this engrav- 
ing, but when fitted up for operation it carries cams on either side like 
those shown in place on the disk in Fig. 1. 

THE FEED DRIVE 

Fig. 5 illustrates the fast and slow feed-driving motion which actu- 
ates the cam-drum shaft, providing a rapid movement of the cams and 
tools while the latter are not cutting, and a slow motion during actual 
cutting operations: The slow motion is obtained through the planetary 
gears //, /, J, K, Gears // and / are differential drivers mounted on a 
stud secured in the web of the driving pulley as indicated. Gear K is 
keyed to the worm shaft, and J to ratchet L, which is locked by pawl 
M during the slow motion, the clutch N when thrown into action giving 
the quick rate of speed to the driving worm which is then driven direct 
from the pulley instead of through the differential gears H, /, /, K. As 
previously stated, dogs carried on the disk at the right-hand end of the 
drum shaft control the mechanism, causing the clutch to be engaged and 
disengaged at the proper intervals. The clutch is normally held out of 
engagement by latch 0, which engages with a collar on spring shaft P. 
When arm Q is actuated by one of the dogs on the controlling disk, wedge 
R causes latch to lift and release the rod P, which is then carried by 
its spring to the right, throwing in the clutch. The next dog on the disk 
causes the spring-actuated rod to be drawn back, releasing the clutch and 
allowing the latch to drop into its original position, and hold the clutch 
open. 

A common ratio of fast to slow motion is 24 to 1 on several sizes of 
this type of machine (that is, in driving through the planetary gearing 
Fig. 5 the pulley makes 24 turns to 1 of the worm shaft), but several 
other ratios are provided for by means of gears, which may be changed 
in the phmetary drive. These ratios, together with the series of feed- 
driving pulleys for the countershaft, and the drums for driving the spindle 
speeds, give a wide range of ratios between drum shaft and spindle 
speeds, and by varying the cam angles a broad range of feeds for the 
tools varying by very small increments are obtainable. The method of 
camming this type of machine is described fully in the next chapter. 

Various classes of tools for this machine are illustrated in different 
chapters in Section II. 

COUNTERSHAFT ARRANGEMENT 

The countershaft and method of belting to the machine are illus- 
trated in Fig. 6, which shows also the scheme of setting the machine at 
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an angle with the center line of countershaft. This angular setting 
which is common to screw machine practice allows the bar of stock to pass 
behind the machines set immediately to the left, thus permitting all 
the macliines in a row to .be placed very closely together. As shown, the 
end of the machine is swung out of line until the pulley for driving the 
worm mechanism for operating the cam drum shaft is in proper location 




Fio. 0. — CountcrBliaft and Drive for Pratt & Whitney Automatic Screw Machine 



relative to the feed pulley on the countershaft, the drive from that pulley 
til the feed pulley on the machine being by means of a quarter turn belt. 
Tlio countei-shaft is represented with two sizes of pulleys for driving the 
head s|)in<l]e, and with a pulley to the left for operating the geared oil 
pump. The speed rates derived for the spindle by the driving method 
illustrated are discussed in the chapter following on camming. 
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CHUCK SIZES AND LENGTH OF FEED 

The No. machine of this type takes bar stock up to A inch, and 
turns lengths up to l^y inch. The No. 1 machine takes stock up to J 
inch and turns up to 2\ inches in length. The No. 2 machine handles 
stock up to J-inch diameter and turns lengths up to 2} inches. The 
"oversize" machines "lA" and "2A" have increased chuck capacities 
taking respectively i and 1 inch stock. 



CHAPTER II 

Camming the Pratt & Whitney Automatic Screw Machine 

A DIAGRAM of the Pratt & Whitney automatic screw machine with 
a set of cams in place is given in Fig. 7, S being the chucking drum; T 
the turret-slide drum; U the disk for the cross-slide cams; V the disk 
which carries the dogs for controlling the feed motion; W the disk whose 
dogs operate the lever for shifting the spindle-driving belts. Fig. 8 shows 
the development of the two cam drums with cams arranged for operating 
on a piece like Fig. 9. It will be seen that the turret cams fill the 
periphery of the drum, which is a desirable feature in the majority of cases 
as waste of time is then avoided. 

CAMMING THE CHUCKING DRUM 

As it is essential before camming the turret-slide drum to know what 
space will be required in unlocking and locking the chuck and feeding 
out the stock, the chucking drum /S, Fig. 7, is first cammed without the 
necessity of a layout on paper, as is required in the case of the turret 
drum. It is assumed that the piece of work has just been severed from 
the bar, the chuck being locked firmly. The chuck is now unlocked as 
a starting point, and the unlocking cam a put on, the angle of this cam 
being about 25 degrees with the edge of the drum. The cam length 
must be sufficient to move chuck roll b far enough to release the spring 
chuck completely from the work. As soon as the chuck opens, the stock 
is ready to be fed forward, this movement being accomplished by cam c, 
which should be so put on as to contact with feed roll d immediately upon 
the unlocking of the chuck. An angle of 50 degrees is the usual slope 
for the stock feed cam; the length is obviously made to give a throw equal 
to or slightly in excess of the longest piece that the machine will produce. 
The chuck-locking cam e is next to be considered, and this is so located 
as to contact with chuck roll 6, and start closing the chuck the instant the 
feed cam c has carried the feed roll d to the extreme forward position. 
Where the work is of a light nature and the chuck easily gripped on the 
stock, the angle of the chuck-closing cam e may be made the same as that 
of the unlocking cam a, namely 25 degrees; for work of a heavier character 
20 degrees is a more suitable angle. In locating the feed cam c the feed 
plunger should be pushed forward into the spindle until the grooved 

12 
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14 CAMMING THE PRATT & WHITNEY AUTOMATIC SCREW MACHINE 

collar / is against the nurled collar g at the rear of the chucking finger 
ring, which limits the forward movement of the feed tube and its roll d; 
it is apparent that this determines the position of the high point of the 
feed cam, though the left-hand end of that cam may be extended to 
the edge of the drum or beyond, if desirable, as in the case of extra long 
feeds. 

The feed "draw back^' cam h is the last one to go on the drum; its 
function is to draw the feed tube to the rear, bringing the roll d into posi- 
tion to be pushed forward again by the feed cam c as soon as the chuck 
again opens. The "draw back'' cam is pivoted as indicated, and may 
be adjusted to give any desired length of feed within the capacity of the 
machine. In locating this cam its pivoted end must be so positioned 
as not to strike the chuck-operating roll b. 

As already stated, the camming of the chucking drum may be done 
satisfactorily without a layout on the drawing board, though where 
several machines are being cammed such a drawing may prove of consid- 
erable service. 

THE TURRET-SLIDE DRUM 

In camming the turret-slide drum a full-size drawing should always 
be made, the drum periphery being first laid out on paper as a rectangle, 
whose length and breadth represent respectively the circumference and 
width of the drum. A development of a turret-slide drum surface is 
seen in Fig. 8, w^th three locating lines, i, k, I for the series of cams. The 
position of these lines may be obtained as follows: A set of tools being 
placed properly in the turret, the latter is pushed forward as far as re- 
quired to bring the tools in the right position relatively to the work, 
after which a scriber is placed at the right side of the roll m, which oper- 
ates the slide, and a line i is scribed on the drum to represent the extreme 
forward position of the turret, hence no cams advancing the turret 
toward the chuck can project beyond this line. Next the turret slide 
is moved back to the point where the turret commences to index, and a 
line k is scribed on the drum \ inch from the left side of the roll ?«, after 
which the slide is drawn clear back to the right as far as possible, this 
movement completing the indexing and locking of the turret, and a third 
line, /, is then scribed at the left side of roll w. The reason for scribing 
line k (which locates the leading ends of the index cams) one-quarter 
inch to the left of the point where indexing really commences, is that we 
then insure the easy index cams coming into contact with the turret- 
slide roll slightly before the slide actually reaches the indexing point. 

We can now draw the three lines scribed on the drum on the full- 
size layout on the drawing board, as shown in the development, Fig. 8, 
and thus have the correct distance between the lines i I and k l. In this 
case we will call the former distance 2\ inches^ and the latter If incheSi 
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and may now proceed wth the figuring of the cams for producing the 
piece, Fig. 9. 






Fro. 9— The Work 
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We will assume a speed of 250 revolutions per minute as suitable for 
the work, and use a starting or centering-and-facing tool in the first turret 
hole, a t'b inch twiat drill in the second hole, a roughing counterbore in 
the third hole, and a finishing counterbore in the fourth or last hole. In 
addition to the length of cutting feed required for each tool we will add 
J inch in each case for safety, and to allow for slight modifications in the 
character of the piece, thus making it possible for the slow feed to start 
into action as each tool reaches a point J inch away from the actual start- 
ing point of its cut, A schedule of the tool feeds may now be laid out as 
in Table 1. 

Firet hole. Starting tool, 0.004' feed J' deep + 1' allowance — J' 

Second hole, -^ twist drill, 0.005* feed H' deep + I' allowance — \i' 

Third hole. Rough counterbore, 0.010' feed j' deep + i' allowance = i' 

Fourth hole. Finish counterbore, 0.015' feed jj' deep + J' allowance = JJ' 

Finish counterbore, 0.005' feed j'l' for bottom of cut — ^' 
Combined length of teed of all tooh = 2^* 

Table 1. —Tool Feeds for Work Shown in Fig. 9 

For carrying the turret forward to the point of cutting and for bring- 
ing it back to the point where indexing commences, cam angles of 50 
degrees with the edge of the drum are generally used. Sometimes this 
angle is exceeded by a few degrees, 55 degrees being about the practical 
maximum limit, while it is very seldom necessary to drop below 50 degrees. 
The travel of the turret slide while indexing (from k to I, Fig. 8) should not 
generally be much greater than 20 feet per minute, this depending, how- 
ever, upon the size of machine and tools used. This rate of travel with 
the work revolving, as stated above, at 250 turns per minute, would be 
equivalent to 240 inches for 250 turns of the spindle or 0.96 inch per 
revolution. While the indexing is done with the fast speed of the cam- 
drum shaft, it is desirable in the cases of all turret-slide movements for 
which cams have to be figured to state the feed per turn of spindle at its 
equivalent at slow cam-shaft speed. With a feed motion having a ratio 
of 24 to 1 this means that the indexing movement of 0.96 inch per turn 
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when expressed at the slow cam-shaft rate would be 0.96 divided by 24 = 
0.04 inch per revolution. 

HOW THE DRUM SURFACE IS UTIUZED 

Before figuring the angles for the cutting and indexing cams we can 
simplify matters by taking from the total circumference of the drum, 
which measures, say, 48 inches, the amount of space as measured around 
the drum periphery utilized by the 50-degree cams, the eight roll spaces, 
and eight J-inch flats formed by dressing off the forward ends of the 
four cutting cams and the rear ends of the four indexing cams to obviate 
wear of the cam corners. The distance i to Z, Fig. 8, which as already 
stated is 2J inches, is temporarily taken, for purposes of calculation, as 
representing the forward and backward travel of the turret slide. Ac- 
tually, of course, the travel would be equal to the distance between the 
centers of roll 7/i in the extreme forward and backward positions. How- 
ever, it is more convenient and in no way affects the result to assume 
distance i to / as defining the true length of travel. 

That is, we can assume for the moment that the roll is of infinitely 
small diameter, its travel then being simply from line i to /. Now if we 
increase the roll diameter to 1 J inches we merely extend the outer ends 
of the 50-<legree cams sufficiently to overlap the actual roll travel, and 
at the same time we increase the working space between the cams to allow 
the roll to j)ass through. As these roll spaces between the cams are 
later taken into consideration in our calculations for determining the 
actual distance around the periphery of the drum consumed by the 50- 
(logree cams, we can disregard altogether the portions of these cams 
extending outside of lines i and L Now, as there are four forward and 
backward movements to complete the cycle of operations, the total tur- 
ret travel to and fro may be represented by a quantity equal to 8 X dis- 
tance / to /, or 8 X 2J inches = 18 inches. According to the table giving 
the feeds of the four tools to be used, 2/^ inches of turret travel is 
re<iuire(I in the cutting operations; the distance from k to I being If inches 
the tcjtal indexing travel is obviously 4X1 J = 6i inches. From the 18 
in<'hes which we have taken as representing the total travel of the turret 
slide, therefore, must be deducted 2^^ + 6^ inches, leaving 9xV inches 
travel controlled by the 50-degree cams, which, as previously stated, 
are generally used for non-cutting and non-indexing movements. The 
peripheral drum space occupied by these cams is then equal to O^V X 
cotangent of 50 degrees, or 9.0625 inches X 0.84 = 7.61 inches. 

If the cam roll m is li inches in diameter, and we allow J-inch clear- 
ance, we have as the peripheral distance occupied by these cam spaces 
8 X IJ inch X cosecant of 50 degrees or 10 inches X 1.3 = 13 inches. 
The eight ^-inch flats on the ends of the cams = 2 inches peripheral 
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drum space utilized in this fashion. The total circumference of the 
drum, 48 inches, — 7.61 inches — 13 inches — 2 inches leaves 25.39 
inches peripheral space on the drum available for the cams whose angles 
have to be computed. 

COMPUTING THE CUTTING AND INDEXING CAM ANGLES 

We have now this space of 25.39 inches measured lengthwise of the 
cam drum surface to utilize for the cutting and indexing cams. The next 
thing to determine is the number of revolutions of spindle required for 
the several operations on the piece of work. This is calculated as below 
from the data in Table 2. 

Ist tool. Travel of turret, 0.250* at 0.004 feed per revolution - 62.5 rev. 

2d tool. Travel of turret, 0.9375*' at 0.005 feed per revolution - 187.5 rev. 

3d tool. Travel of turret, 0.625*' at 0.010 feed per revolution = 62.5 rev. 

4th tool. 1st part of travel of turret, 0.5937*' at 0.015 feed per revolution -■ 39.5 rev. 

2d part of travel of turret, 0.0312*' at 0.005 feed per revolution -■ 6.2 rev. 

Indexing. Travel of turret, 6.5*' at 0.04 feed per revolution = 162.5 rev. 
Total number of revolutions necessary -■ 520.7 

Table 2. — Spindle Revolutions Required in Making Piece Shown in Fig. 9 

Thus we find that for the 25.39 inches of drum periphery available 
for the cams to be figured, the spindle should make 521 turns, or 20.5 
turns for each inch of cam-drum space. This spindle velocity per inch of 
drum space will be approximated very closely by using on the counter- 
shaft a 10-inch driving drum for the spindle and a 6-inch pulley for driv- 
ing the feed motion. The question of spindle and feed-pulley ratios is 
discussed more fully later on. 

Knowing the feed per revolution for each tool, we find the angle for 
the cam for that tool by multiplying the rate of feed by 20.5 which gives 
the tangent of the desired angle. 

The angles for the various cams are then as follows: 

First tool. 0.004*' feed X 20.5 - 0.082 - tangent of 4« 42' 

Second tool. 0.005*' feed X 20.5 = 0.1025 - tangent of 5<» 51' 

Third tool. 0.010*' feed X 20.5 - 0.205 « tangent of IP 36' 

Fourth tool. 0.015*' feed X 20.5 - 0.3075 - tangent of 17<» 5' 

Fourth tool. 0.005*' feed X 20.5 = Oil 025 - tangent of 5"* 51' 

Indexing. 0.04*' feed X 20.5 = 0.82 - tangent of 39® 21' 
Table 3. — Cutting and Indexing Cam Angles 

The angles having been determined, the cams may now be laid out 
on the full-size drawing, a space n. Fig. 8, equal to the roll diameter plus 
^-inch clearance being left between the adjacent cams, and the flats of 
J-inch which prevent wearing of the cam corners being left on the working 
ends of each cam. A layout of these cams to a larger scale (about i 
^tual size) is presented in Fig. 10, and in this drawing the angles of the 
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cams are all shown. While these angles are given in degrees and min- 
utes, the nearest half degree is sufficiently close in practice. It may be 
of interest at this point, before considering the forming and cut-oflF cams, 
to show diagrammatically how the cam-drum surface is divided among 
the various cams which have been just laid out. For this purpose Figs. 
11 to 15 inclusive have been drawn, although of course such diagrams 
would not be actually used in the working out of the camming problem. 
The portions of the 50-degree cams used in the foregoing calculations 
are here shown transferred below to the similar drum surface in Fig. 11, 
where a series of triangles 1, 2, 3, 4, 5, etc., are drawn which when ar- 
ranged in the order shown in Fig. 12 indicate the forward and backward 
movement of the turret due to that portion of the 50-degree cams which 
entered into the previous calculation, giving Ofy inches. The 18-inch 
vertical line on which this 9^ inch travel is laid off represents the total 
travel of the turret back and forth between the lines i and ^ or 8 X 2^ 
inches. Hence the S\j inch portion of that line represents that amount 
of turret travel due to the cutting and index cams. Fig. 13 is drawn to 
double the scale of the other diagrams to show more clearly the flats and 
roll spaces. Figs. 14 and 15 show the eight roll spaces and the cam flats 
added to the peripheral distance utilized by the 50-degree cams, and the 
latter sketch indicates the amount of drum space actually left for the cut- 
ting cams and the index cams, which has previously been found to be 
25.39 inches. 

FINDING THE CAM ANGLES GRAPHICALLY 

If preferred, the angles of the various cams*may be obtained without 
reference to tables of trigonometrical functions. Although this method 
of finding the angles is very convenient, many will prefer the method 
given below which does not involve the use of trigonometry. A hint of 
this is given in Fig. 12. Say we draw a perpendicular line ^1, Fig. 16, on 
the drawing board 9iV inches long, representing the to-an-fro travel 
l)otween lines i and I by 50-degree cams, then draw a horizontal base line 
B, to which we draw a line C\ from the top of the vertical line forming 
an angle of 50 degrees with the horizontal base line. The portion of the 
latter thus cut off will indicate the space measured around the drum 
which the 50-degree cams between lines i and I occupy, or 7.61 inches 
which can be measured with a scale accurately enough for all prac- 
tical purposes. 

Next we wish to determine the peripheral distance occupied by each 
cam-roll space and can find this by a similar process of laying out the roll 
between the ends of two cams as at D, in Fig. 17. If the layout is made 
double or four times the actual size, the result obtained by scaling will 
be more accurate and in fact quite near enough to the figured distance. 
Multiplying the distance Z> by 8 will give us the space required by the 
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eight cam-roll spaces, and adding this to 7.61 inches plus 2 inches for the 
eight J-inch flats on the cam ends gives us the total amount to subtract 
from 48 inches (the circumference of the drum) to obtain the amount 
left for the cutting and indexing cams (or 25.39 inches). We have already 
found that the spindle makes 521 turns during the travel of the drum 
through a distance of 25.39 inches, or 20.5 turns per inch of drum travel. 
By referring back to our figures in Table 2, we see that the first tool will 
require 62.5 revolutions in feeding its distance of 0.250 inch toward the 
chuck at 0.004 inch per revolution. In other words, this tool will require 
a drum travel of (62.5 divided by 20.5) or 3.05,inches. Laying off a line 
of this length as E^ in Fig. 18, and drawing a. perpendicular of 0.250 inch 
to represent the feed distance, we have then merely to measure the 
angle with the protractor which will give us at once the correct angle 
for this cam. The angles of all the other cams may be obtained by a sim- 
ilar process, the side F of the triangle laid out representing the total 
feed or turret-slide travel required for the cam in question, and the length 
E representing the distance in inches which the drum travels while the 
spindle is making the number of revolutions necessary for that particular 
operation, as shown by Table 2. As suggested, it will be well to make 
the layout double size or larger, thus minimizing the possibility of error 
in scaling the lines and measuring the angle. 

THE FORMING AND CUTTING-OFF CAMS 

Returning now to the forming and cutting-off cams. Fig. 8 shows these 
members laid out on the opposite sides of their disk. The forming tool 
cuts down the neck and fillet at the rear of the piece Fig. 9 and should be 
fed at about 0.002 inch per revolution, the operation being performed 
at the same time as the drilling. We have found that the spindle makes 
20.5 revolutions to every inch of turret-slide drum travel, and this means 
that in a forming movement of i inch or 0.125 inch at 0.002 inch per turn, 
we rocjuire 62^ revolutions, which is equivalent practically to 3 inches of 
drum travel. Laying off this amount on the drum T, we can run the 
radial lines indicated to the center of the cam disk to define the limits of 
the forming cam o. In drawing the working edge of the cam we strike 
a curve giving a throw somewhat greater than J inch, according to the 
location of the pin on which the cross-slide operating arms are pivoted* 
Thus, if tiie upper end of the rocker arm is j the length of the lower, it 
means practically that for every 0.001 advance of the cam slide the lower 
end of the arm must move outward about 0.0013 inch. The forming 
movement of 0.125 inch requires then a cam throw of 0.1625. 

In cutting off the completed work a feed of about 0.0025 inch per 
revolution will be suitable. If the thickness of the metal plus a reason- 

■5 amount for clearance, etc., is equal to i inch, the work will make 
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50 revolutions during the operation; at 20.5 revolutions of the spindle 
per inch of turret-slide drum travel the travel of the drum during the 
operation of the cut-oflF cams will be approximately 2J inches. This 
operation may commence at or slightly before the completion of the 
finish counterboring as shown in Fig. 8, where the cut-off cam p is drawn 
in on its side of the disk in the same manner as the forming cam just 
described. With the cam slide levers pivoted at the point mentioned in 
connection with the forming cam the cut-off movement of J inch will 
require a cam throw of about 0.166 inch. 

It will be obvious that the turret-slide drum must have sufficient space 
between the points where the cut-off operation is completed and the first 
operation on the next piece is commenced to allow for the opening of 
the chuck, the feeding of the stock, and the locking up of the chuck on 
the work. 

This distance is indicated clearly in Fig. 8. 

In putting the cams on the turret-slide drum the correct starting posi- 
tion for the first cam can be easily located by squaring across from the 
locking-up cam on the chucking drum, which cam must close the chuck 
tight before the first tool is brought quite into working position. Where 
a stop is used in the first hole in the turret the stop cam on the drum is 
so located relatively to the chucking cams as to bring the stop to its 
extreme forward position just before the stock is fed completely out and 
the chuck closed. 

SPINDLE DRUM AND FEED PULLEY CONSIDERATIONS 

In the preceding matter it has been shown that after subtracting from 
the circumference of the turret-slide drum the peripheral space occupied 
by the 50-degree, or non-cutting and non-indexing cams, the eight cam- 
roll spaces and the eight ^-inch flats on the cam ends, we have left a cer- 
tain distance available for the cutting and indexing cams whose angles 
have to be figured or obtained by layout and measurement. We have 
found, too, that during the rotation of the drum through a certain dis- 
tance equal to the space occupied by these cams, the spindle should make 
a certain number of revolutions (as per Table 2) determined by adding 
up the number of turns necessary for taking the different turret-tool 
cuts at the desired rates of speed, plus the turns during the indexing 
movements. In order, therefore, that the spindle and cam drum shall be 
driven at the proper relative speeds, with any given ratio of gearing in 
the feed motion, the question of the relative diameters of the spindle- 
driving drum on the countershaft and the feed-motion driving pulley 
on the same counter has to be taken into consideration. For it is obvious 
that, both spindle and feed motion being belted from the one counter- 
shafti if we are using say a certain diameter of counter drum for driving 
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the spindle, any change in the size of pulley for driving the feed motion 
will affect the rate of turret-slide feed per revolution of spindle. 

SPINDLE AND FEED-DRIVE RATIOS 

In Fig. 19 is shown by diagram the arrangement of pulleys on counter- 
shaft, spindle, and feed motion, A being the drum for driving the spindle 
in either direction through reversing belts running on spindle pulley B, 
which is located between two loose pulleys; C is the countershaft pulley 
(known as the "feed pulley*') for driving the cam-drum shaft D through 
pulley Ej which operates the worm shaft and worm gear F at slow speed 
through the planetary gearing indicated at G, or directly at high speed 
by a clutch connecting the pulley directly to the worm shaft. On the 
No. 1 machine, for example, the spindle pulley B has a diameter of 6f 
inches, and the feed-motion pulley J^ is 6 inches. The worm gear has 84 
teeth meshing wuth a triple-thread worm, and 28 turns of the worm shaft 

are required to drive the cam shaft and cam drums through one complete 
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Fig. 19. — Diagram of Spindle and Cam- 
shaft Drive 

revolution. With a 24 to 1 ratio of gearing in the feed drive at G, it is 
obvious that the pulley K must turn 24 X 28 times, or 672 turns to each 
revolution of the drum shaft — assuming, of course, that the slow mo- 
tion (24 to 1) is in operation throughout the complete cycle. The cir- 
cumference of the turret-slide drum H carried by' the latter being 48 
inches, for each inch of peripheral travel of the drum, the pulley E on the 
feed drive nmst turn (672 -r- 48) = 14 revolutions. If we have (as found 
in connection with Table 2) a peripheral distance of 25.39 inches to travel 
during 521 turns of the spindle in order to give the required feeds with 
the cams, as figured out, the spindle must make 20.5 revolutions for each 
inch of drum travel. That is, while pulley E, Fig. 19, is making 14 revo- 
lutions, pulley B must make 20.5 revolutions. If the two pulleys were 
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of the same diameter, the diameter of the countershaft drum A and feed 
pulley C would of course be in the ratio of 20.5 to 14 or 1.46 to 1. The 
spindle pulley, however, is 6f inches diameter and the worm-shaft pulley 
E 6 inches; therefore the countershaft pulleys will be in the ratio of (20.5 
X 6|) to (14 X 6) = 136 to 84, or a ratio of 1.62 to 1. This ratio will 
be approximated very closely by a spindle-driving drum of a diameter 
of 10 inches and a feed pulley of 6 inches. 

The foregoing matter has been presented in order to show the rela- 
tion existing between the speed of the spindle and the speed of the cam- 
drum drive. In practice, the diameter of the feed pulley required to be 
used in conjunction with any given diameter of driving drum for the 
spindle may be more directly obtained by the aid of a simple table — 
like Table 4, 5, 6, or 7 on pages 29 to 32. After we have found our cam 
angles as already described, we may take the angle of any one of the'cutting 
cams and use this in connection with our table for finding the required 
size of feed pulley. 

USE OF THE TABLES 

Referring now to Table 5, this table is arranged with columns for each 
feed-motion ratio from 24 to 1 down to 2.7 to 1. The quantities in these 
columns are obtained by dividing the tangent of the angles from 1 to 
45 degrees in the second column by the feed-pulley constants 12.7, 5.91, 
etc., given at the heads of the respective columns. The feed-pulley con- 
stant, it should be noted, is equivalent to the number of revolutions of 
the head spindle to each inch of peripheral travel of the turret drum, 
with the same diameter of pulleys on the counter for driving the spindle 
and the feed mechanism. As indicated by the formula at the bottom 
of the table, the feed per revolution 

tan. of angle feed pulley 



feed-pulley constant counter drum 

and as the six columns under the respective ratios are already worked 
out giving the equivalent of 

tan. of angle 
feed-pulley constant 

the feed per revolution for any cam angle with any given ratio of gearing 
in the feed motion is found by multiplying the quantity opposite the angle 
and in the required column by the feed-pulley diameter and then dividing 
by the diameter of the counter drum driving the head spindle. 

Now, with a given diameter of counter drum for the spindle, and with 
the angle determined for any cam and the rate of feed given which we 
wish to produce with that cam, we can find the diameter of feed pulley 
required to produce that rate of feed by a formula as follows: 
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Dia. feed pulley = feed per rev. X dia. counter drum 

^ / tan, of angle \ 
\feed-pulley constant/ 

As we have the expression 

tan, of angle 

feed-pulley constant 

■ 

already worked out in the table for the various angles, it is merely neces- 
sary to multiply the feed per revolution by the diameter of the drum 
for driving the spindle, and divide by the quantity opposite the cam 
angle under the proper column. Thus, if one of the cams in the set which 
we have already figured out is to give a rate of feed of 0.005 inch per turn 
of spindle (using the 24 to 1 ratio) the cam angle being practically 6 
degrees, and if we are using a 10-inch drum on the countershaft for driving 
the spindle, we can find the size of the feed pulley required by multiply- 
ing 0.005 X 10 = 0.05 and dividing by 0.00S27 (found opposite 6 degrees 
and in the 24 to 1 ratio colunm) = 6. Hence a 6-inch pulley is the proper 
size to use. It will be obvious that owing to the method used in deter- 
mining the angles of the set of cams for the turret-slide drum, it makes 
no difference whatsoever which cam is used as a basis for working out 
the feed-pulley diameter. 

Similar tables which are included for the other sizes of machines should 
be found of considerable value. 

FEED CHANGES 

The figures in the different ratio columns in Table 5 actually show 
the rates of feed per revolution of spindle which would be obtained if 
the feed pulley and spindle-driving drum on the countershaft were of the 
same diameter, and by following across the table on any horizontal line 
the possible variations obtainable by the six different ratios of gears for 
use in the feed mechanism will be clearly seen. The actual feed changes 
produced by different angles of cams and various sizes of feed pulleys 
and counter drum with a given ratio of gearing are shown by Tables 8 
to 11. Table 0, for example, is worked out for the No. 1 automatic and 
for a 24 to 1 ratio of feed gearing, and it will be apparent from this table 
that very fine changes of feed are obtained with any given feed pulley 
and counter drum by slight modification in cam angles; the entire range, 
of course, being greatly increased when we introduce the gears of other 
ratios into the feed drive. 

It should be l)<)rne in mind that after the machine has been cammed 
in accordance with tlie method described, the rate of feed per turn of 
spindle derived from the cam may be increased or decreased by changing 
the gears in the feed motion without affecting the rate of turret-Blide 
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travel during the indexing movement. This is due to the fact that the 
indexing is accomplished with the feed-motion pulley clutched direct 
to the cam shaft for driving the cam drum, that is, the "fast motion" 
is then in operation and this drives at a constant speed unless the feed 
pulley on the countershaft is changed, or the speed of the counter itself 
altered by shifting the position of the belt on the three-step driving cone. 
While the indexing cams are laid out for performing their work with the 
turret slide traveling at about 20 feet per minute, some departure may 
be allowed either way from this normal rate, such, for instance, as might 
be due to a slight change in diameter of feed pulleys. 

THE TWO-SPEED SPINDLE DRIVE 

It is quite common practice now, with the Pratt & Whitney automatic, 
to equip it with a two-step pulley for operating the head spindle in place 
of the single-diameter drum formerly used for this type of machine. This 
gives the spindle two rates of speed (ordinarily 2 to 1) and the higher 
speed is generally employed for the backing belt. Thus, a suitable 
countershaft speed may be selected for the rough turning cut and for 
threading, using the forward belt (except in very unusual cases where 
a left-hand thread is to be cut), and the fast backward speed is then 
utilized for finish turning and cutting off, a left-hand finishing box 
tool being used and the cut-off being carried on the rear end of the cross 
slide. If a forming tool is required, this is carried at the front of the cross 
slide and operated while the roughing box tool is cutting, with the spindle 
operating at its slow speed. The spindle then reverses upon the com- 
pletion of the rough-turning and the forming operation, and runs back- 
ward at double the forward speed while the finishing tool is in operation. 
If the piece is to be threaded, the slower forward speed is utilized while 
cutting; and after the die has run on, the spindle again reverses to high 
speed while the die is run off and the cut-off tool severs the work from 
the bar. This two-speed arrangement is a very advantageous one as it 
makes it possible to drive the spindle at speeds best adapted for the cuts 
taken by the different classes of tools used on the work, and thus greatly 
increases the output. 

In plotting out cam angles for use in connection with the two-spindle 
drive it is advisable to reduce all feeds per revolution to what they actu- 
ally would be in case only one of the two speeds was used, and thus 
simplify the problem. 

For example, if we have a constant feed of 0.005 inch per revolution 
at 100 revolutions per minute, and another constant feed of 0.005 inch 
at 200 revolutions per minute, it is advisable to consider both at the same 
number of revolutions per minute. To reduce the former to the latter 
-■ 0.005 inch X W§ or 0.0026-inch feed at 200 revolutions per minute, 
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while the latter would, of course, remain 0.005. The tangents of the angles 
for the cams to be used would, of course, be 2 to 1, while the actual feeds 
per revolution at the speeds used are equal. 

Fig. 20 shows a cam layout for a machine using the two-speed spindle 
drive, the turret-cam drum surface development being shown in two 
sections for convenience. The forming and cutting-off cams are sketched 
in at the side of the drum layout with the circles drawn to clearly indi- 
cate where the forming and cut-off operations commence and end. The 
cams shown are suitable for general screw work, the first cam A being a 
plain 50-degree stop cam which holds the turret in its forward position, 
while the stock feeds out. Cam B for the roughing-box tool, and the 
forming cam on the cross-slide disk, are in operation while the spindle 
runs at its slow speed, and cam C for the finishing cut feeds the finishing- 
box tool over the work with the spindle operating at its fast speed. The 
slow spindle speed is used while the die is run on by cam D, and the fast 
speed is again employed during the cutting-off operation. It will be no- 
ticed that extra space is left between the end of the die cam D and the 
last draw-back cam. This extra clearance is provided in order that the 
die may have ample time to run up on the screw and reverse before 
the draw-back cam comes into action against the turret-slide roll. Where 
an opening die is used, mounted in a sliding holder, the die cam may be 
made shorter as indicated by the dotted lines. 

The forming toc^l is used advantageously on regular screw work for 
nocking down at each side of the head while the roughing-box tool is in 
operation. This reduces the work of the cutting-off tool and on many jobs 
relieves the box tool of the work of finishing the under side of the head. 

PUTTING ON THE CAMS 

A few words regarding the forming and placing of the cams in posi- 
tion on the drums and cut-off disk may not be out of place here. After 
the angles, lengths, etc., have been found the cams may be cut from the 
flat stock to the right length and proper angles at the ends by means 
of a saw in the milling machine, swiveling the vise to give the required 
angles for the ends, and then the holes for the tap bolts are drilled, after 
which the cams are bent to conform to the curvature of the drum. Tough 
steel that will admit of being hardened should be used, and after the pieces 
are hardened tliev are located one bv one on the drum, and the latter 
drilled and the holes tapped for the tap bolts which secure the cams 
in place. The turret-slide cams are locat<?d in the right positions rela- 
tive to the chucking drum cams by squaring across from the chuck- 
closing cam on that drum, this giving the right location for the first 
cam on the turret-slide drum. It must be kept in mind that the 
chuck-closing cam must close the chuck completely before the cutting 
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part of the first cam on the turret drum comes into contact with the 
cam roll. 

The forming and cutting-oflF cams are located on their disk so that the 
ends of these cams are just passing the ends of the cross-slide levers when 
the points on the turret cams marked in the layout "end of forming" 
and "end of cut-off*' are just in contact with the turret-slide roll. The 
idea will be clear from the drawing in Fig. 20. 
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P. & W. No. 
Automatic 



M 

M 

K 



1 

H 

2 

2i 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 



Tangent 



.01746 
.02619 
.03492 
.04366 
.05241 
.06993 
.08749 
.10510 
.12278 
.14054 
.15838 
.17633 
.19438 
.21256 
.23087 
.24933 
.26795 
.28675 
.30573 
.32492 
.34433 
.36397 
.38386 
.40403 
.42447 
.44523 
.46631 
.48773 
.50953 
.53171 
.55431 
.57735 
.60086 
.62487 
.64941 
.67451 
.70021 
.72654 
.75355 
.78129 
.80978 
.83910 
.86929 
.90040 
.93252 
.96569 
1.00000 



TANGENT OF ANGLE 
FEED PULLEY CONSTANT 



RATIOS 



24:1 



Feed 
Pulley 
Const. 

37.3 



.00046 

.00070 

.00093 

.00117 

.00140 

.00187 

.00234 

.00282 

.00329 

.00376 

.00424 

.00472 

.00521 

.00569 

.00618 

.00668 

.00718 

.00768 

.00819 

.00871 

.00922 

.00975 

.01029 

.01083 

.01137 

.01193 

.01250 

.01307 

.01634 

.01425 

.01486 

.01547 

.01610 

.01675 

.01741 

.01835 

.01877 

.01947 

.02020 

.02094 

.02170 

.02249 

.0233 

.0241 

.0250 

.0259 

.0268 



11.16:1 



Feed 
Pulley 
Const. 
17.35 



.0010 
.0015 
.0020 
.0025 
.0030 
.0040 
.0050 
.0060 
.0071 
.0081 
.0091 
.0101 
.0112 
.0122 
.0133 
.0143 
.0154 
.0165 
.0176 
.0187 
.0198 
.0209 
.0221 
.0233 
.0244 
.0255 
.0268 
.0281 
.0293 
.0306 
.0319 
.a332 
.0346 
.0359 
.0374 
.0388 
.0403 
.0418 
.0434 
.0450 
.0466 
.0483 
.0500 
.0518 
.0537 
.0556 
.0576 



6.81:1 



Feed 
Pulley 
Const. 

9.03 



.0019 

.0029 

.0039 

.0048 

.0058 

.0078 

.0096 

.0116 

.0136 

.0155 

.0175 

.0195 

.0215 

.0235 

.0256 

.0276 

.0297 

.0318 

.0339 

.0361 

.0382 

.0404 

.0426 

.0448 

.0471 

.0494 

.0517 

.0542 

.0565 

.0590 

.0615 

.0640 

.0667 

.0694 

.0720 

.0748 

.0777 

.0806 

.0836 

.0867 

.0899 

.0931 

.0964 

.0999 

.1034 

.1071 

.1107 



4:1 



Feed 
Pulley 
Const. 

6.22 



.0027 

.0042 

.0056 

.0069 

.0084 

.0113 

.0140 

.0169 

.0198 

.0225 

.0254 

.0283 

.0312 

.0341 

.0372 

.0401 

.0431 

.0462 

.0493 

.0523 

.0554 

.0586 

.0618 

.0650 

.0687 

.0716 

.0750 

.0786 

.0819 

.0856 

.0892 

.0929 

.0968 

.1006 

.1045 

.1085 

.1127 

.1169 

.1212 

.1257 

.1304 

.1351 

.1399 

.1449 

.1500 

.1554 

.1608 



3.14:1 



Feed 
Pulley 
Const. 

4.88 



.0035 
.0053 
.0072 
.0088 
.0107 
.0143 
.0178 
.0215 
.0252 
.0287 
.0324 
.0361 
.0398 
.0435 
.0473 
.0510 
.0549 
.0588 
.0627 
.0666 
.0705 
.0746 
.0787 
.0828 
.0869 
.0912 
.0955 
.1000 
.1043 
.1091 
.1136 
.1183 
.12:32 
.1281 
.1330 
.1382 
.1435 
.1488 
.1544 
.1601 
.1660 
.1720 
.1781 
.1845 
.1911 
.1978 
.2049 



Correct Feed per one Revolution of Head Spindle = 

Tan, of Angle Feed Pulley 

Feed Pulley Const. Counter Drum 

Tabud 4. — For Finding the Correct Feed per Revolution of Spindle or the Diameter 
ci Feed Pulley, for any given Cam Angle. No. Machine. 
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P. & 


W. No. 1 

TOMATIC 




TANGENT OF ANGLE 






Au 


FEED PrLLE\ 


' CONSTANT 






Tangent 
.01746 


IL\TIOS 


Id 
111 


24:1 


11.16:1 


5.81:1 


4:1 


3.1:1 


2.7:1 


Degr: 


Feed 
Pulley 
G>nst. 

12.7 


Feed 
Pulley 
G>nst. 

5.91 


Feed 

Pulley 

Const. 

3.07 


Feed 

Pulky 

Const. 

2.18 


Feed 
Pulley 
Const. 

1.64 


Feed 
Pulley 
Const. 

1.43 


1 


.00137 


.00295 


.00568 


.00800 


.01064 


.01220 


U 


.02619 


.00206 


.00443 


.00853 


.01-201 


.01596 


.01831 


2 


.03492 


.00274 


.00591 ' 


.01137 1 


.01601 


.02129 


.02441 


2i 


.04366 


.00343 


.00738 ! 


.01422 


.02002 


.02662 


.03053 


3 


.05241 


.00412 


.00886 


.01707 


.02404 


.03195 


.03665 


4 


.06993 


.00550 


.01183 


.02277 


.03207 


.04204 


.04897 


5 


.08749 


.00688 


.01480 


.02849 


.04013 


.05:^34 


.06118 


6 


.10510 


.00827 


.01778 


.a3423 


.04821 


* .06408 


.07350 


7 


.12278 


.00966 


.02077 


.04000 


.05401 


.07608 


.08586 


8 


.14054 


.01106 


.02378 


.04577 


.06447 


.08569 


.09828 


9 


.15838 


.01247 


.02679 


.a5158 


.07265 


.09655 


.11075 


10 


.176:^3 


.01388 


.02983 


.05687 


.08000 


.10648 


.12200 


11 


.19438 


.01530 


.0:^289 


.06331 


.08916 


.11^52 


.13593 


12 


.21256 


.01673 


.03596 


.06923 


.09750 


.1-2961 


.14864 


13 


.23087 


.01817 


.03906 


.07520 


.10590 


.14077 


.16144 


14 


.24933 


.01963 


.04218 


.08122 


.11437 


.1520:^ 


.17435 


15 


.26795 


.02109 


.04533 


.08728 


.12291 


.163:i8 


.18737 


16 


.28675 


.02257 


.04851 


.09340 


.13153 


.17487 


.20053 


17 


.30573 


.02407 


.05173 


.09959 


.14024 


.18642 


.21380 


18 


1 .32492 


.02558 


.05494 


.10583 


.15863 


.19812 


.22721 


19 


1 .34433 


.02711 


.05995 


.11216 


.15795 


.20996 


.24078 


20 


' .36397 


.02865 


.06158 


.11855 


.16695 


.22193 


.25453 


21 


.38386 


.03022 


.06495 


.12,503 


.17608 


.23406 


.26843 


22 


1 .40403 


.03181 


.06836 


.13160 


.18533 


.24635 


.28253 


23 


1 .42447 


.03342 


.07182 


.13826 


.19470 


.25882 


.29613 


24 


1 .44523 


.03505 


.07533 


.14502 


.20423 


.27148 


.31135 


25 


' .46631 


.03671 


.07890 


.15189 


.21390 


.28433 


.32609 


20 


1 .48773 


.03761 


.08252 


.15887 


.22372 


.29739 


.34107 


27 


1 .50953 


.04012 


.08621 


.16600 


.23373 


.31069 


.35631 


28 


1 .53171 


.04186 


.08996 


.17319 


.24390 


.32421 


.37183 


29 


' .55431 


.043()4 


.09379 


.18055 


.25427 


.33800 


.38763 


30 


1 .57735 


.04545 


.09769 


.18805 


.26483 


.35201 


.40374 


31 


.()(K)86 


.04731 


.10H)6 


.19572 


.27562 


.36637 


.4-2018 


32 


1 .f)2487 


.04920 


.10573 


.20354 


.28633 


.38101 


.43697 


33 


.()494 1 


.05113 


.10988 


.21153 


.29789 


.39598 


.45413 


3t 


1 .67451 


.05311 


.11413 


.21971 


.30941 


.41128 


.47168 


35 


.7(M)2I 


.05513 


.11837 


.22808 


.32119 


.42695 


.48965 


3f> 


.72(>54 


1 .05720 


.12293 


.23665 


.33327 


.44301 


.50807 


37 


. / .)3.)5 


1 .05870 


.12750 


.24545 


.34566 


.45945 


.52695 


3S 


' .78129 


.(Mil 51 


.13219 


.25449 


.35839 


.47639 


.54635 


39 


1 .80978 


' .(M>297 


.13701 


.26377 


.37147 


.49376 


.56628 


40 


.83910 


1 .{mm 


.14198 


.27332 


.38491 


.51164 


.58678 


41 


.S(i929 


.0()844 


.14709 


.28315 


.39876 


.53005 


.60789 


42 


.9{K)40 


.07089 


.15218 


.29329 


.41302 


.54902 


.6-2965 


43 


.93252 


.07342 


.15778 


.30375 


.42730 


.56861 


.65211 


44 


.9()5()9 


.07525 


.lf)338 


.31455 


.44297 


.58884 


.67531 


45 


l.(KKN)0 


' .07881 
>rrect Fi'<m1 


.16920 


.32573 


.45871 


.60975 


.69930 




[MT one Ue\ 


'olution of I 


lead Spindl 


B = 








Tun. 


of Angle 


V ''^^l 


Pulley 







Feed Pulley Const. Counter Drum 

Tahlk 5. — For Finding the Correct Feed per Revolution of Spindle or the Duunatar 
of Feed Pulley, for any given Cam Angle. No. 1 Machine. 
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P. &^ 


W. No. 2 

OMATIC 




TANGENT OF ANGLE 






AUT 


FEED PULLEY 


CONSTANT 






Tangent 


RATIOS 


M 


24:1 


11.16:1 


5.8:1 


4:1 


3:1 


2.6:1 




Feed 


Feed 


Feed 


Feed 


Feed 


Feed 


w 




Pulley 


Pulley 


Pulley 


Pulley 


Pulley 


Pulley 


^m 




Gjnst. 


G)nst. 


Const. 


Const. 


Const. 


Const. 




• 


16.0 


7.86 


4.08 


2.81 


2.11 


1.83 


1 


.01746 


.00103 


.0022 


.0042 


.0061 


.0081 


.0093 


H 


.02619 


.00154 


.0033 


.0064 


.0093 


.0123 


.0142 


2 


.03492 


.00206 


.0044 


.0086 


.0125 


.0166 


.0191 


2i 


.04366 


.00257 


.0055 


.0105 


.0153 


.0204 


.0234 


3 


.05241 


.00310 


.0066 


.0127 


.0185 


.0246 


.0283 


4 


.06993 


.00413 


.0089 


.0172 


.0249 


.0332 


.0382 


5 


.08749 


.00517 


.0110 


.0213 


.0310 


.0412 


.0474 


6 


.10510 


.00621 


.0133 


.0257 


.0374 


.0500 


.0572 


7 


.12278 


.00726 


.0156 


.0301 


.0438 


.0583 


.0670 


8 


.14054 


.00831 


.0178 


.0343 


.0498 


.0664 


.0763 


9 


.15838 


.00937 


.0201 


.0387 


.0562 


.0749 


.0861 


10 


.17633 


.01043 


.0224 


.0431 


.0627 


.0834 


.0959 


11 


.19438 


.01150 


.0246 


.0475 


.0691 


.0913 


.1057 


12 


.21256 


.01257 


.0269 


.0519 


.0755 


.1005 


.1155 


13 


.23087 


.01366 


.0293 


.0566 


.0822 


.1095 


.1259 


14 


.24933 


.01475 


.0316 


.0610 


.0886 


.1180 


.1357 


15 


.26795 


.01585 


.0340 


.0657 


.0954 


.1270 


.1461 


16 


.28675 


.01696 


.0364 


.0703 


.1022 


.1360 


.1564 


17 


.30573 


.01809 


.0389 


.0750 


.1089 


.1450 


.1668 


18 


.32492 


.01922 


.0413 


.0796 


.1157 


.1541 


.1771 


19 


.34433 


.02037 


.0437 


.0843 


.1225 


.1631 


.1875 


20 


.36397 


.02153 


.0462 


.0892 


.1296 


.1725 


.1984 


21 . 


.38386 


.02271 


.0488 


.0941 


.1367 


.1820 


.2093 


22 


.40403 


.02390 


.0513 


.0990 


.1438 


.1915 


.2202 


23 


.42447 


.02511 


.0538 


.1039 


.1509 


.2010 


.2311 


24 


.44523 


.02693 


.0565 


.1090 


.1584 


.2109 


.2425 


25 


.46631 


.02759 


.0592 


.1142 


.1659 


.2209 


.2540 


26 


.48773 


.02885 


.0620 


.1197 


.1737 


.2313 


.2660 


27 


.50953 


.03014 


.0646 


.1247 


.1812 


.2413 


.2774 


28 


.53171 


.03146 


.0676 


.1303 


.1894 


.2522 


.2899 


29 


.55431 


.03279 


.0704 


.1357 


.1972 


.2626 


.3019 


30 


.57735 


.03416 


.0733 


.1414 


.2054 


.2735 


.3145 


31 


.60086 


.03555 


.0763 


.1472 


.2140 


.2849 


.3275 


32 


.62487 


.03697 


.0794 


.1531 


.2235 


.2963 


.3406 


33 


.64941 


.03842 


.0824 


.1590 


.2310 


.3076 


.3537 


34 


.67451 


.03991 


.0856 


.1651 


.2399 


.3195 


.3673 


35 


.70021 


.04143 


.0889 


.1715 


.2492 


.3318 


.3815 


36 


.72654 


.04299 


.0922 


.1779 


.2585 


.3431 


.3957 


37 


.75355 


.04458 


.0956 


.1845 


.2681 


.3569 


.4104 


38 


.78129 


.04623 


.0992 


.1913 


.2780 


.3702 


.4256 


39 


.80978 


.04791 


.1029 


.1985 


.2882 


.3839 


.4415 


40 


.83910 


.04965 


.1066 


.2056 


.2987 


.3977 


.4573 


41 


.86929 


.0514 


.1104 


.2129 


.3094 


.4119 


.4776 


42 


.90040 


.0533 


.1143 


.2205 


.3204 


.4266 


.4905 


43 


.93252 


.0552 


.1184 


.2283 


.3318 


.4418 


.5079 


44 


.96569 


.0572 


.1226 


.2364 


.3435 


.4574 


.5259 


45 


1.00000 


.0592 


.1272 


.2450 


.3560 


.4740 


.5450 



Correct Feed per one Revolution of Head Spindle =- 

Tan of Angle Feed Pulle y 

Feed Pulley Const. Counter Drum 

For Unding the Conect Feed per Revolution of Spindle or the Diameter 
^ PuU^y, for any given Cam Angle. No. 2 Machine. 



Tavui 4. 
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P. & ^ 


^V. No. 3 

OMATIC 

N BKLT) 




TANGENT OF ANGLE 






AUT 

(ope 


FEED PULLEY CONSTANT 






Tangent 






RATIOS 






W 
W 


58:1 


21.9:1 


10.1:1 


8.19:1 


6.7:1 


4^:1 




Feed 


Feed 


Feed 


Feed 


Feed 


Feed 


w 




Pulley 


Pulley 


Pulley 


Pulley 


PuUey 


Pulley 


fH 




Const. 


Const. 


Const. 


Const. 


Const. 


Const. 






32.0 


12.4 


9.13 


4.65 


3.23 


2.38 


1 


.01746 


.00053 


.00137 


.00186 


.00365 


.00526 


.00714 


U 


.02619 


.00079 


.00209 


.00285 


.00559 


.00805 


.01092 


2" 


.03492 


.00106 


.00282 


.00383 


.00752 


.01083 


.01470 


2i 


.04366 


.00132 


.00346 


.00471 


.00924 


.01331 


.01806 


3 


.05241 


.00159 


.00419 


.00569 


.01118 


.01610 


.02184 


4 


.06993 


.00212 


.00564 


.00766 


.01505 


.02167 


.02940 


5 


.08749 


.00265 


.00701 


.00953 


.01870 


.02693 


.03654 


6 


.10510 


.00319 


.00846 


.01149 


.02257 


.03250 


.04410 


7 


.12278 


.00373 


.00991 


.01347 


.02644 


.03808 


.05166 


8 


.14054 


.00427 


.01128 


.01533 


.03010 


.04334 


.05880 


9 


.15838 


.00481 


.01273 


.01730 


.03397 


.04891 


.06636 


10 


.17633 


.00535 


.01418 


.01927 


.03784 


.05448 


.07392 


11 


.19438 


.00590 


.01564 


.02124 


.04171 


.06006 


.08148 


12 


.21256 


.00646 


.01709 


.02321 


.04558 


.06563 


.08904 


13 


.23087 • 


.00701 


.01862 


.02529 


.04966 


.07151 


.09702 


14 


.24933 


.00757 


.02007 


.02726 


.05353 


.07709 


.10458 


15 


.26795 


.00814 


.02160 


.02934 


.05762 


.08297 


.11256 


16 


.28675 


.00871 


.02313 


.03142 


.06170 


.08885 


.12054 


17 


.30573 


.00929 


.02466 


.03351 


.06579 


.09473 


.12852 


18 


.32492 


.00987 


.02619 


.03558 


.06987 


.10062 


.13650 


19 


.34433 


.01046 


.02773 


.03767 


.07396 


.10650 


.14448 


20 


.36397 


.01106 


.02934 


.03986 


.07826 


.11299 


.15288 


21 


.38.386 


.01166 


.03095 


.04205 


.08256 


.11888 


.16128 


22 


.40403 


.01228 


.03256 


.04424 


.08686 


.12507 


.16968 


23 


.42447 


.01290 


.03417 


.04643 


.09116 


.13127 


.17808 


24 


.44523 


.01353 


.03587 


.04873 


.09567 


.13777 


.18690 


25 


.46631 


.01414 


.03756 


.05103 


.10019 


.14427 


.19572 


26 


.48773 


.01482 


.03933 


.05344 


.10492 


.15108 


.20496 


27 


.50953 


.01548 


.04102 


.05573 


.10943 


.15758 


.21378 


28 


.53171 


.01616 


.04288 


.05825 


.11438 


.16470 


.22344 


29 


.55431 


.01684 


.04465. 


.06066 


.11911 


.17151 


.23268 


30 


.57735 


.01754 


.04651 


.06318 


.12405 


.17864 


.24234 


31 


.(KK)86 


.01826 


.04844 


.06581 


.12921 


.18607 


.25242 


32 


.62487 


.01896 


i .05037 


.06844 


.13437 


.19350 


.26250 


33 


.64941 


.01973 


.05231 


.07106 


.13953 


.20093 


.27258 


34 


.67451 


.02050 


.05432 


.07380 


.14491 


.20867 


.28308 


35 


.70021 


.02127 


.05642 


.07665 


.15050 


.21672 


.29400 


3() 


.72654 


.02208 


.05852 


.07949 


.15609 


.22477 


.30492 


37 


.75355 


.02290 


.06069 


.08245 


.16189 


.23312 


.31626 


38 


.78129 


.02374: 


.06295 


.08552 


.16791 


.24179 


.32802 


39 


.8(K)78 


.02461 


.06529 


.08869 


.17415 


.25077 


.34020 


40 


.83910 


.02550 


.06762 


.09187 


.18038 


.25975 


.35238 


41 


.86929 


.02642 


.07004 


.09515 


.18683 


.26804 


.36498 


42 


.90040 


.02736 


.07254 


.09855 


.19350 


.27864 


.37800 


43 


.93252 


.028:^3 


.07512 


.10205 


.20038 


.28854 


.39144 


44 


.96569 


.()'2934 


.07778 


.10566 


.20747 


.29876 


.40530 


45 


1 .(KKKK) 


.03040 


.08060 


.10950 


.21500 


.30960 


.42000 




Co 


rrect Feed 
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Table 7. — 



Feed Pulley Const. Counter Drum 

For Finding the Correct Feed per Revolution of Spindle or the Diameter 
of Feed Pulley, for any given Cam Angle. No. 3 Biachine* 
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CHAPTER III 

The Browm & Shahi'G Automatic Schew Machine 

The general design of the automatic screw machine built by the Brown 
& Sharpe Manufacturing Company, Providence, R, 1., is represented ia | 
Figs. 21 and 22, the size of machine illustrated in these half-tones being | 
the No. no, which hns a maximum chuck capacity nf ]^ inch, and a n 
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feed of 2 inches; the greatest length that it will turn Ix-ing II inches. 
Various features of construction are shown clearly in the line drawings, 
Figs. 23 to '.iO. Before taking up the ciinslructioti of the machixie i 

[ detail, however, it may be well to outlitie briefly certain teaturea brought . 

r out by the half-tone engraving. 



THE BROWN * PIIARPE AUTOMATIC SCREW MACHINE 



GENERAL PRINCIPLJia OF CONSTBUtTION 

The system of cams employed on this tyjje of macliiiie was adopt* 
by the Brown & !i5harpe Manufacturing Company a number of years t 
and proviiies for a set of cams for each piece to be made, so tliat wheal 
given piece is to be undertaken it is simply necessary to place a eet ( 
cams for this piece in position; the machine is then ready to opera 
except for the necessary adjustments of the turret tools and t 
tools. 




'i'lic luiTcf is arrunped forsix towls; there are front and rear cross slida? 
wliieh are operated by edge cams made from blanks 4^ Indies diam 
with I-inch center hole and J-inch loctiting-pin hole. These locatin 
pin holes are also placed for positinning the cams and insure their brf 
located in the proper jiosition to give correct titnine. 

The turret-slide cam is carried on shaft A. Fig. 22, (he end sho^^ 
Wing the sliuiik of the clamp nut. Thin c«m is placed on the shaft throujj 



U 



THE SPINDLE REVERSE 39 

an opening in the rear end of the machine, which gives ready access to 
this adjustment. The cross-slide cams are carried on the front shaft at 
B and C, Fig. 21. The dogs for controlling the mechanism for reversing 
the spindle, opening and closing the chuck, feeding the stock and rotating 
the turret, can be adjusted on carriers, D, E and F; this feature gives ease 
of adjustment for all operations within the capacity of the machine. The 
turret-rotating mechanism draws the turret slide to the rear position 
when indexing the turret, irrespective of the hight of the cam position. 
This does away with the necessity of cutting the cams back to allow the 
tools clearance when rotating. The reversing shaft, with carrier D, can 
be uncoupled from the front shaft for the purpose of placing the cross- 
slide cams on carriers B and C The stock feed can be adjusted by crank 
G, and the change gears for obtaining different cam-shaft speeds are 
mounted on shafts H and /, the gear marked H being the driver and 
that marked / the driven. The latter is mounted on a worm shaft at 
the rear of the machine, which drives through a worm gear a short shaft 
running crosswise of the bed to the front of the machine where it is con- 
nected by bevel gears with the front shaft or cross-slide cam shaft. It 
also drives by means of spur gears the shaft A on which is carried the 
turret-slide cam. 

THE SPINDLE AND ITS CLUTCHES 

The front elevation. Fig. 23, gives a longitudinal section through the 
spindle and its boxes. This spindle, which has hardened, ground, and 
lapped bearings, runs in boxes of phosphor bronze, the front box having 
a tapered exterior, and provision for taking up wear. End play may 
be taken up by adjusting nuts located at the rear box. 

The spindle is driven by friction clutch pulleys having hardened steel 
bushes and roller bearings operating on the hardened portion of the 
spindle. Lubricant for the pulleys is supplied from the oil chambers. 
The friction cones are engaged with the pulleys by sliding sleeve F' on 
levers G'. Adjustment for wear is secured by loosening clamp screw //' 
and turning nut /'. At J, J, Fig. 24, is shown a pair of screws by which 
the clutch sleeves are set central to give equal pressure on the two pulleys. 

THE SPINDLE REVERSE 

The reversal of the spindle is secured through the action of spring 
plunger K, Fig. 24, which, upon being released, throws the clutch into 
instant engagement with the pulley next the chuck. To run forward 
the clutch is engaged with the other pulley by cam L, which is operated 
by clutch Mj drawn out at the completion of one revolution by lever 
N, As the spindle is reversed to run forward the plunger spring is com- 
pressed by the action of the cam, the plunger being held in place by a 
wide portion at the rear end of the lever O. The carrier D shown below 
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REAR ELEVATION 
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levers N and O in Figs. 21 and 23 is provided with dogs which may be 
adjusted to lift the levers at the proper time for reversing the spindle. 
Where work is to be threaded the positive clutch P serves to connect 
the carrier shaft with the front- or cut-off cam shaft Q, This clutch, as 
already stated, is disengaged when the cross-slide cams are to be changed 
and need not be connected for work which is not to be threaded. The 
carrier may be provided with two or more sets of dogs where it is neces- 
sary both to thread and tap the work or to cut two threads on it. 

OPERATION OF THE SPRING COLLET 

At Rj Fig. 23, is shown an internally tapered sleeve which slides over 
the collet and closes it without end movement of the latter, thus assuring 
accurate stock feeding regardless of any minute variations in diameter. 
The operation of the sleeve is effected by the chucking tube extend- 
ing through the spindle to the rear end, where it is controlled by the 
chuck levers *S, which are operated by sleeve T, which sleeve is actuated 
by a lever and cam U. The stock is also fed through the medium of this 
cam, which i;s itself actuated through spur gears V, Fig. 24, and a positive 
clutch W on the driving shaft. The gears and clutch are plainly shown 
on the shaft in Fig. 22. A lever is shown under this clutch in Fig. 24, 
and when this is depressed by the dog on carrier Ey Figs. 21 and 23, the 
clutch is engaged and makes one complete revolution, after which it is 
again disengaged by a pin in the lever under the clutch which acts upon 
the cam surface of the clutch and causes the latter to return to its former 
position. 

Adjustment of the chuck is by means of nut X, Fig. 23, which may 
be turned as required after releasing nut Y. The collet is removed by 
taking off the cap with a pin wrench. 

THE STOCK FEED 

The pulley at the head end of the machine for driving the main feed 
shaft a, Figs. 23 and 24, is engaged by a clutch actuated by hand lever 6, 
which thus forms a means of controlling the feed at all times. 

The rear end of the stock-feed tube in the spindle is connected by a 
latch r, Fig. 25, to slide rf. Fig. 24, which has a slot in which is a sliding 
block connecting it to lever e. Figs. 24 and 25; this lever is operated by 
cam II already referred to. A screw and crank handle G are provided, 
as indicated in Figs. 21, 22 and 24, for adjusting the sliding block; and 
lever c having a constant stroke the length of feed for the stock is varied 
by chanpng the position of the sliding block. The length of feed is 
shown bv a scale which is secured to the slide. 

Hv lifting latch r. Fig. 25, the feed tube may be withdrawn and 
the feeding fingers (which are threaded left hand) may be changed. It 
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is, of course, possible to feed more than the regular capacity of the ma- 
chine by using two or more dogs on the left side of the carrier E, Fig. 23, 
thus operating the feed mechanism several times. 




Fig. 25. — End Elevation Showing Chuck Operating 

Mechanism 

When it is desired to stop the stock feed, as in adjusting tools, the dog 
attached to lever /, Fig, 23, can be turned up, thus allowing the dogs on 
the carrier E beneath to pass without lifting the lever. 

THE TURRET SLIDE AND TURRET 

As will be observed upon inspection of the various general views, 
the turret ia mounted at the side of the turret slide and rotates in the ver- 
tical plane. A long taper shank with which the turret is provided takes 
a bearing in the turret slide. The indexing movement is accomplished 
by means of a hardened steel roll in disk g, Fig, 24, engaging with grooves 
cut radially in disk A, which is attached to the rear end of the turret 
spindle. The turret is rotated by this method rapidly and starts and 
stops without appreciable shock. The taper bolt or pin which locks the 
turret in its various positions is shown at i, Figs. 26 and 27. The lock- 
ing bolt is withdrawn from the turret by cam j. 

TURRET-SLIDE OPERATION 

The forward motion of the turret slide for feeding the cutting tools 
along the work is imparted by a bell-crank lever actuated by the cam 
mounted on shaft ,4, Figs. 22, 24, and 28, which is itself driven by spur 
gears from the shaft and worm gear k. 

While the turret is advancing to the cut and returning after the cut 
ia taken, the movement of the turret slide and the revolving of the turret 
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are controlled independently of the turret-slide feed cam by the craak 
motion /, Fig, 27, while the roll carried by beli-crank lever m is passing 
from the highest point of the cam for the turret-slide feed to the point 
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Fig. 26. — End View of Turret SUde Show- 
ing Locking Pin for Turret 

where the next cut is started. The rapid-motion crank ( is operated by 
gears at the rear of the machine which are driven by positive clutch n. 
Fig. 24, on the driving shaft, which clutch is controlled by a lever and 
suitable mechanism for giving one complete revolution in similar man- 
ner to the feed -mechanism control already described. As crank { revolves. 




Fio. 27. — Mechanism of Turret Slide 



spring is permitted to return the turret slide without the rack. The 
turret is then revolved in the manner described, and upon the crank I 
coming to rest after it has completed one full revolution, the machine 
is reatly for the next cutting operation- 

TIIB TWO CROSS SLIDES 

Tlic cross slides are shown clearly in Fig. 29. They are operated by 
cut-off cam shafts Q, Figs. 23 and 29, driven from worm-wheel shaft k. 



THE TWO CROSS SLIDES 
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Figs. 24 and 28, through the medium of bevel gears. The front slide is 
operated directly by a lever with gear segment formed at the upper end. 




Fio. 28. — Plan Showing Feed .''haft, Tripping Levers, etc. 

The rear alide has an intermediate segment gear to reverse the direction 
of the movement. The cams for the two slides are conveniently placed 
side by side on their shaft (as at B and C, Figs. 21 and 23) and the por- 
tions which impart motion to the slides are alike in both cams. The racks 




Fig. 29 — Croaa Section and CrosB-hlide Mechanism 



with which the segments mesh extend be>ond their respective slides and 
their projecting ends are threaded to receive nuts for adjusting the toola 
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to their cuts. In addition to these adjusting nuts, stop screws are pro- 
vided at the rear as in Fig. 29, for insuring accuracy in forming operations. 
Circular tools are used on the cross slides and these are held in posi- 
tion on blocks pp by screws qq and clamped by screws r r, Fig. 29. 

DEFLECTOR 

In Fig. 30 is shown a deflector which is operated by an adjustable 
dog on carrier E and separates the work from the chips. The oil pump 




Fio. 30. — Opemtion of Deflector 



is driven by chains from the main pulley and is not stopped when the feed 
clutch is disconnecteil; thus an ample supply of lubricant on the work 

is insured at all times. 

TOOLS AND ATTACHMENTS 

Various tools used on this machine are illustrated in Figs. 31 and 32, 
the names being given at the bottom of the half-tones. The Illustrations 
are, in iiuwt cases, self-explanatory. No. 22 in Fig. 32, it may be stated, 
is an adjustable guide applied to the cros.s slide and used for operating 
recessing tool 2(), swing tool 21, and taper turner 23. The hitter has two 
back rests and one cutting tool which are independently adjustable, and 
the taper given the work is determined by the angle on the guide 22. 
When the jiroper taper is obtaine<l, the tool and the back rests are with- 
drawn radially from the work, thus preventing tool marks on the finisbed 
piece. 

The construction of the releasing die holder is shown in Fig. 33. A 
a the driving pin and, when it is pulled out of the plate B, the die bolder 
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1. Feed rh lick. 2. Spring Collet, :i. Box Tool, 

4. Box Tool wiLli Ci'iili^r a. Poinlinf; Tool. 6, Cciiteriiii; und FudnK 

Drill. 8. Ailj(iBtai>l(! Hollow MiU Tool, 

7. AdjuBliible Hollow Mill (Roughing). 9. Die Hold.T. 

(Finishing). II. Tap HdI iter. V2. Tup Holder (Rclciuing). 

10. Die Holder (Relcaaing). 14. Floating Holder. 13. Hack Resl tor Turret. 
13. DriU Holder. 

Fig. 31. — Brown & Sharpe Automatic Screw Machine Tools 
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Ui, Aiij:r.liirriillinc-oftT(K.l, 17. Nwrl ILiMit for Tiint 
IB. XiirilloMrrfDrCromSliiJp. 2tl. Rrn>8sine T[>d1. 
22. AcljusUtl>lrnui<l(-ua«lwith 21. Swing Tool. 

TcioU20, 21, J3, 
25. Culling-olT Tool Post 

(High). 



IN. Nurl Hi>M.T fgr ( 

Slide. 

■>:i. TiijuT TuniiiiB Toa 
■2i. Tool Post for !' 

20, CiitliriK-off Tool I 
(Low). 



Fja. 32, — Brown i Shnrpf .^iilomnlic Srrt-w* Muthiiit! Tools 
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releases and, when the spaidle is leverseti, the ball C drives the die off. 
One ball recess is foi' right-hand threads and the other for left-hand 
threads. With this die holder the turret slide can move back some dis- 
tun(% after the holder is released and still, as soon us the spindle ia 
reversed, the die hiU be backed otf the thread. 





^Kl -a — Rvlc!isjiig llif Holder 

No circular forming tools are included in the groups in Figs. 31 and 
32. but in Fig. 34 two circular tools and their holders are plainly shown. 
This illustration also represents clearly the tap and die revolving atlach- 
nient which rotates the tap or die in the same direction as the spindle, 
but at one-half the spindle speed. It i» of service where the work requires 
no other slow movement except that for threading and enables the spindle 
U> be run at its maximum speed for satisfactory production of the work, 
while the tap or die is revolved at a suitable speed for Ihroading. 




Fig. 35 shows the screw-slotting attachment which takes ihe screws 

B tliey are left by the machine and slots them automatically. The saw 

[ is mounted on a slide and ilriven by a round belt from the countershaft. 

It can be a^ljusted for depth of cut by a screw at the back of the slide. 




ti rlrill lit lii(;li Kpcect 
1 ullnciiriieiit IH oIm^I 



:iEMf;NT 

;s for the Nn. 00 rniton 



Anotlier attachment (nut shown) is fi>r 
where small holes are required in tlip wu 
<iriven by a round belt fitini the counter. 



COlTSTKRfiHAliT ABKAI 

Figfl. 36 and 37 show the overheiMi woi 
As will be observed, there ai-e two cou liters hiifts; the first ono hnvtDg 8 
'neh fast ntid louse pulleys tiiking S-iitch lielta. This shaft should ru 
about 450 turns per minute. The second countershnrt is driven 1 
aix-atep cone [iiilley ami has a dnim Hi inches dinmeter. and two sin 
pulleys lOj and .'iV inch diimieter re^jwctivoly for operating the spiiK 
pulleys. 

A double pulley running freely on the end of the shaft servpi 
intermediate between the fii-st eounter and the feed-driving pulley ( 
the machine. Thus a constant rate of speed is provided for the fee 
mechanism regardless of the spindle speed. 
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SIZES OF MACHINES 

Thechuckanil turning capacity of the No. 00 machine, aa already stated, 
is Vi by H inch, the maximum length that can be fed being 2 inches. 
The No. machine receives stock up to J inch in the chuck, turns lengths 
up to 1} inches and has a maximum feeding movetnent of 3 inches. The 
No. 2 machine handles material up to J-inch diameter, turns lengths up 
to 2^ inches and feeds any length up to 4 inches. 



CHAPTER IV 

Laying Out Brown & Sharpe Screw Machine Cams 

This chapter on camming, prepared by F. E. Anthony, of Providence, 
R. I., gives a practical idea of the method employed in laying out the 
cams for the Brown & Sharpe automatic screw machine. The example 
taken is a simple screw, but the laying out of the cams and the methods 
employed are practically the same for a more complicated piece, excepting 
that the lobes of the cams would necessarily have to be designed to suit 
the various operations on more complicated work. 

order of operations 

Assuming that a screw as shown in Fig. 38 is to be made from com- 
mon yellow brass and the requirements are such that it is necessary to 
take roughing and finishing cuts to produce the desired blank size before 
threading, the following order of operations would be selected: rough 
turn with hollow mill; index turret; finish turn with box tool; index tur- 
ret; thread; cut-off screw; feed stock to stop; index turret. 

The facing of the under side and the removing of the bur on the outer 
diameter of the head, as well as the indexing of the turret three time§ 
to bring the stop into position for feeding the stock for the next blank, 
are not considered in the above operations, as usually these operations 
can be performed during the time required for parting the screw from 
the bar. 

The spindle speed, length of cuts, feed per revolution of spindle 
for the various cuts, the time consumed by the idle movements, such as 
feeding the stock, indexing the turret and reversing the spindle, also the 
clearance between the turret and cross-slide tools, are taken into con- 
sideration to determine the total number of revolutions of spindle required 
for completing the screw. The fastest spindle speed for the machine, 
which is 2400, can be used for brass. 

DETERMINING THE NUMBER OF SPINDLE REVOLUTIONS 

To determine the number of revolutions of the spindle required for 
the various cuts, divide the length of cut by the feed or advance of the 
tool per revolution of the spindle. Calculating on a feed of 0.012 inch 
for roughing, which cut is 1 inch long, 83 revolutions and a fraction of 

52 
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a revolution will be required. As it is not practicable to consider frac- 
tions of revolutions, the roughing cut will be given 84 revolutions. After 
the roughing cut, the turret is indexed to bring the finishing tool into 
position. The mechanism that rotates the turret maintains a constant 
speed, and the indexing of the turret, to bring another tool to the cutting 
point, requires one-half second in all cases. With the spindle running 
2400 revolutions per minute, each change consumes 20 revolutions. It 
is an advantage, however, to allow extra revolutions for the operation 
to facilitate adjusting the dogs that control the mechanism; allowing 22 
revolutions for the change will give the desired result. 

For the finishing cut, which is 1 inch long, and calculating a feed of 
0.012 inch per revolution, 84 revolutions will have to be allowed as for 
roughing. 

The pitch of the thread on the screw being 60 per inch, the number 
of revolutions required for running the die on the screw (which has a 
thread i inch long) will be one-half of 60, or 30, actual revolutions. To 
this amount should be added extra revolutions for clearance; allowing 
33 revolutions for running the die on to the screw and the same num- 
ber for backing the die off will give a total of 66 revolutions for threading. 

SPINDLE REVOLUTIONS REQUIRED DURING CROSS-SLIDE MOVEMENTS 

A certain amount of the cam circle must be allowed between the 
threading and cutting-off operations, so that the cross-slide tools will 
not begin to advance to the cutting point until the die holder has dropped 
back beyond the interfering point. The drop for each cross slide is 1 
inch, giving a distance of 2 inches from edge to edge of the cross-slide 
tools, with the slides in the backward position. 

The die-holder cap with adjusting screws requires approximately 
li inches space to pass through; as there are 2 inches between the cross- 
slide tools, should these tools begin to advance to the cutting point as soon 
as the die reaches the end of the screw (when backing off), there would 
be a trifle more clearance than actually required. 

Consulting the templet shown in Fig. 39, it will be noted that 5 hun- 
dredths of the cam circle are taken up in advancing the cross slide from 
its backward position (which is determined by the low portion of the cam) 
to the point where the tool commences the cut. The revolutions of the 
spindle during this clearance can be determined after finding the total 
revolutions required for the different operations and idle movement. 

The cutting-off tool, as shown in Fig. 38, is arranged with a parting 
blade that has a 23-degree angle on the cutting edge; this is for the purpose 
of making the parting close to the head of the screw, to avoid leaving 
a large teat on the piece when dropped. 

Using an angular blade, it is necessary to allow extra travel so that 
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INDEXING AND STOCK-FEEDING ALLOWANCE 55 

the low point of the angle can be carried a trifle by the center of the spindle 
to insure removing the teat on the bar, which is termed ** by travel/' 
Add to the radius (0.125 inch) of the bar used 0.019 inch, the amount of 
**by travel" required for the cutting-off tool plus 0.003 inch clearance 
to allow for variations in material, and we have a total of 0.147 inch travel 
for the cutting-oflf tool; considering a feed or advance of 0.0015 inch per 
revolution, approximately 97 revolutions will be required for cutting 
off. 

The facing of the under side of the head (the tool for which travels 
from { inch diameter of stock to i diameter of finished size) requires a 
travel of 0.067 inch, including clearance to allow for variation in ma- 
terial; this cut carried at a feed of 0.0016 inch will require approximately 
42 revolutions. As this cut can begin at tiie same time as the cutting- 
ofT oporati(m and will be completed by the time the screw is partially 
cut off", the revolutions recjuired need not be considered when determin- 
ing the total number. 

INDEXING AxVD STOCK-FEKDING ALLOWANCE 

As there are but four turret tools used in making the screw, it will 
be necessary to index the turret tiiree times after the threading operation 
to bring tlie stop into position for feeding tlie stock for the following 
screw. The 97 revolutions allowed for cutting off will give ample time 
for these changes. 

An allowance of 22 revolutions must be added for feeding the stock 
to tiio stop after cutting off and indexing the turret, to l)ring the rough- 
ing tool into position for tlie followhig screw. 

The following tal)le shows tiie total numl)er of revolutions recjuired 
for actual o|)erations: 

Uevulut ioiiM. 

Houghing cut S4 

Iiulex turret 22 

Finishing cut 84 

Index turn't 22 

Threading 60 

Ch'urance 

Cutting off 97 

(Index turrt^t three times; face under side of head.) 

Fee<l stock 22 

Index turret 22 

419 

As 5 hundredths of the cam circle must be allowed for clearance be- 
tween the die holder and cross-slide tools, the above total of 419 revolu- 
tions represents 95 hundredtiis of the cam circle. Dividing 419 by 95, 
the quotient, 4.41 (the number of revolutions in 1 hundredth), multiplied 
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by 100 gives a total of 441 revolutions of the spindle to complete the 
screw. 

SELECTING CHANGE GEARS 

Witli each machine a number of change gears are furnLshed to allow 
the cam-shaft speeds to be varied from 3 to 30 seconds per revolution. 
These gears allow variations of one second to be made. As the spindle 
makes 40 revolutions per second, selecting a train of gearing from the gear 
table (see Table 12, page 61) accompanying the machine, that will give 
a revolution of the cam shaft in 11 seconds, the spindle will make 440 
revolutions to one of the cam shaft. It will, therefore, be necessary 
to take away a revolution from one of the operations, the total being 441. 
Allowing 96 revolutions for cutting off, instead of 97, as previously calcu- 
lated upon, will not make any material difference to the feed for this cut. 

DIVISION OP THE CAM CIRCLE 

As it is not convenient to divide the cam blanks into various num- 
bers of parts equal to the number of revolutions required for making 
different pieces, it is the general practice to divide the cam circle into 
100 equal parts, as shown in Fig. 40. The number of hundredths for 
the lobes and spaces on the cams is obtained by dividing the number of 
revolutions for each operation by the total number, taking the nearest 
decimal with two places. For example: The number of revolutions for 
the roughing cut is 84; dividing 84 by 440, the result, 0.19, is the number 
of hundredths of the cam circle required for the first cut. Reducing the 
remainder of the operations in the same manner the cam circle is divided 
as follows: o w i, i_,*u 

Revolutions. Huodredths. 

Rough turn 84 19 

Index turret. 22 5 

Finish turn 84 19 

Index turret 22 5 

Thread •. 66 15 

Clearance 22 5 

Cut off 96 22 

Feed stock to stop 22 5 

Index turret 22 5 

440 loo 

THE TURRET AND CROSS-SLIDE CAMS 

Commencing at the line opposite the J-inch hole in the cam blank, 
as sliown in Fig. 38, the turret-slide cam is divided as follows: 

to 19, lobe for roughing cut; 
19 to 24, space for indexing turret; 
24 to 43, lobe for finishing cut; 
43 to 48, space for indexing turret; 
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48 to 63, lobe for threading; 

63 to 90, reduced to diameter (2J inches) of cam carrier, allowing 
turret to dwell in rear position during the time taken up 
for clearance and the cutting-off and facing operation; 

90 to 95, lobe for feeding stock; 

95 to 0, space for indexing turret. 
A clearance of 5 hundredths has been calculated on after threading 
to avoid interference of the cross-slide tools with the die holder, in which 
case the cross-slide cam for cutting off will commence at 68 and extend 
to 90. The parting of the piece from the bar will occur before the com- 
plete portion of the lobe has passed the roll on the cross-slide lever, due 
to the extra amount of throw on the cam necessary for removing the 
teat on the bar w^iich has previously been termed "by travel,'* in which 
case the stop for feeding the stock can be in position as soon as the cutting- 
oflf tool commences to drop back after cutting off. The travel of the 
facing tool, which commences at J diameter and is carried forward to J 
diameter, will be approximately 0.067 inch, including clearance; advan- 
cing the tool at 0.0016 inch per revolution, 42 revolutions will be required. 
To this number arc added 2 revolutions for dwell of the tool at the finish- 
ing point, making a total of 44 revolutions, which takes up 10 hundredths 
of the cam circle. As 2 revolutions for dwell wall recjuire J hundredth, 
the throw oi" 0.067 inch will take 9^ hundredths of cam surface. 

The facing operation commences at the same time as the cutting off; 
consequently the spacing of the front-slide cam will be from 68 to 77^ 
for advance of tool, 77i to 78 for dwell. 

The hight of the various cam lobes is determined by the lengtlis of the 
tools to be used. The face of the turret is approximately 1 J inches from 
the face of the chuck, with the turret-slide lever on a cam portion 4^ 
inches diameter. 

THE LAYOUT 

On the cam layout sheet. Fig. 38, three perpendicular, parallel lines, 
approximately 1 inch long, should be drawn, with a distance of IJ inches 
between the first and second, and li inches between the second and 
third lines. The first line represents the face of the chuck; the second, 
the face of the turret with the lever on a cam 4h inches diameter; and the 
third, the face of the turret with the slide in the rear position. A line 
drawn at right angles through the center of these lines represents the cen- 
ter of the spindle. The cross-slide tools and sample should be drawn to 
scale close to the chuck line. The line representing the center of the 
spindle is necessarily the center of the piece to be made. The roughing 
and finisliing cuts are carried close to the under side of the head of the 
screw. The hollow mill and the head portion of its holder, which ex- 
tends beyond the face of the turret, is 1| inches long, as shown in Fig. 41; 
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as the under side of the head is approximately IJl inches from the line, 
representing the face of the turret in the forward position on a 4J-inch 
cam diameter, it will be necessary to arrange for the high point on the 
lobe to stop at least ^ inch below the 41-inch circle on the layout sheet, 
80 that the cut will not be carried forward to such a point t^at the proper 




Fig .41. — Diagram of Turret and Tools 

thickness of head cannot be obtained. An extra thirty-second of an inch 
should be allowed to facilitate adjusting the tool, in which case the high 
point of the roughing lobe should stop ^ inch below the 4i-inch circle; 
as the rise on that lobe is 1 inch (the length of the cut), the low point 
will be li^g inches below the 4i-inch circle. 



THE TURRET-SLIDE CAM LOBES 

From the zero line to 19 hundredths of the cam circle, construct an 
increase curve, with a rise of 1 inch for the roughing cut. The method of 
laying out the increase curve, approximately, is sbown in Fig. 38. With 
a templet as shown in Fig. 39 draw the line of drop, beginning at 19 bun- 
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dredths, and draw an arc equal to the radius (J inch) of the turret-slide 
lever roll, tangent to the drop line, with the low point of the arc about ^ 
inch below the starting point of tlie following lobe. The lobe for the 
finishing cut is a duplicate of the roughing. 

In constructing the tlireading lobes, it is the usual practice to allow 
the die head, which Ls arranged to slide on tlie holder, to draw away from 
the turret to prevent crowding tlie die on to the work. 

As 33 revolutions are allowed for running the die on to the screw, 
the advance of the die would be g J (0.537 inch). From this, deduct 0.060 
inch to allow the die to draw away from the turret. The result, 0.467 
inch, is the rLse for the lobe, and the drop for backing the die ofT of the 
screw must necessarily be the same. 

When determining the hight of the lobe, the amount of "pull out" 
allowed for the die must be taken into c(msidcration. 

The length of the die-holder head, as shown in Fig. 41, is \.^j inches 
plus 0.060 inch allowed for "pull out." The result, which is approxi- 
mately lA inches, is the total length of holder to be considered. 

The threading begins at 48 hundredths and recjuires 15 hundredths 
of cam surface. The rise for following the die on the screw would be 
0.467 inch (7i hundredths). Locating the high point of the lobe at 
55i hundredths, the length of the holder plus 3'^ inch for clearance makes 
it necessary to cut the high point JJ inch below the 4J-inch circle. 

Construct the increase curve for the drop and rise in the same man- 
ner as shown in P'ig. 38 for the roughing cut. 

The (lie will have backed off the screw at 63 hundredths j\nd the por- 
tion of cam surface from this point to the starting point of the stop lobe 
should be cut down li inches from the 4i-inch circle to allow the turret 
to remain in the rear position during the cutting off and facing operations. 
Allowance should be made for the drop from the |)()int on the threading 
lobe and the rise for the stop lobe, using the templet, Fig. 39, for construct- 
ing the lines. 

THE CUOSS-SLIDK CAM LOHKS 

The cross-slide cam blanks are 4.\ inches diameter. It is not necessary 
to cut the liigh point of the lobes on the cams below this diameter when 
using forming and cutting-off tools, as the slides are arranged with suit- 
able adjustment for producing any diameter within the capacity of the 
machine. 

The rise and drop on the cross-slide cams are constructed from the 
templet, Fig. 39, and should be spaced in the same manner as the turret- 
slide cam, using the locating-pin hole for the zero line, in order to time 
the cams properly when placed in the machine. 

The cutting off commences at 68 and is completed at 90 hundredths; 
the facing is from 68 to 78 hundredths. 
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STOCK STOP, SPINDLE REVERSE, ETC. 

The stop lobe from 90 to 95 hundredths is without advance to produce 
a dwell of turret slide while feeding the stock. From 95 hundredths to 
zero, a drop necessary to bring the turret-slide lever roll ^ inch below 
the starting-point for the roughing cut is constructed. 

The reversing of the spindle does not consume time enough to make 
it necessary to allow on the threading lobe for this change. The revers- 
ing of the spindle from backward to forward after cutting ofT can be 
carried on during the operation of feeding the stock or revolving the 
turret. 



BROWN & SHARPE CAM TABLES 



Mo. 00 AUTOMATIC SCREW MACHINE. 
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No. 2 AUTOMATIC SCREW MACHINE. 
Table for Laying: Out Cams. 
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CHAPTER V 

; Ai'TOMATic Screw Machine inTH Constai 
Spkkd Dhive 



The Brown & Slmrpe, No. 2 G , aul.onmtif as equipped with rnnstaiitj 
Epped drive la illustrated in Figs, 42, 43. ami 44. The general form ( 




. 4^.^ Brown & Slmrpc Autoinulic .-vriiw Muchmc with Constiuil-Sjici 



the machine itself is praclically un«hangM from thc> design illustrated in 
Cliapter III, the new feiUuros being deliiilcd in Tig. 4^. 



CONSTANT SPEED DRIVE 65 

A friction clutch is located in the driving pulley A, allowing the ma- 
chine to be driven direct from the main line. Any standard constant- 
speed motor can be mounted upon the machine. 

The spindle is driven by silent-running chains. Variations of the 
spindle speeds are obtained by means of change gears and friction 
clutches, each pair of change gears giving two spindle speeds one slow 
and one fast, automatically changed by the friction clutches. There ia 
also a friction clutch located on the spindle for reversing, so that with 
the whole combination it is possible to obtain twelve forward changes 
and twelve backward changes of speed for the spindle. 




Detaiia of llie Conutont-Mpcetl Drive 



The feed-driving mechanism Ls positively connected with the spindle- 
driving mechanism. The power is taken by the driving pulley A, to 
which the sliiling gear B is connected by u friction clutch. By means of 
this friction clutch the machine is started or stopped, and there is, in 
addition, independent means provided for starting and stopping the feed 
when desired. 

The sliding gear B through gear C drives back shaft D, which in turn 
drives the clutch shaft G through the change pears K and F. Keyed to 
the shaft G is the friction body with faces // and /, and mounted loosely 
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on shaft G is the gear J on one side of the friction body, and on the other 
side of the body the gear K and chain sprocket L, both of which are 
fastened to the friction back M. 

Mounted loosely on 'shaft D is a quill on which are the gears and B 
and the sprocket P^, When the clutch face / engages the friction back 
A/, the spindle is driven back at a slow speed through the sprocket L 
and the chain and sprocket N and the spindle is driven forward at a slow 
speed through gears K and 0, the sprocket P, and chain and sprocket Q. 
When the clutch face H engages the gear J the spindle is driven forward 
at a fast speed through gear J5, the sprocket P, and the chain and sprocket 
Q, and is driven backward at a fast speed through gears R, 0, and K, the 
sprocket L and chain and sprocket N. 




Fig. 44. — Details of Clutch 

The direction of the spindle rotation depends upon whether the clutch 
body on the spindle is engaged with sprocket N or sprocket Q, both of 
which are loose on the spindle and are provided with roller bearings. All 
bearings in the driving mechanism are bushed with bronze and oiled 
from pockets on the outside of the case. 

The friction clutch in the machine driving pulley is of novel design. 
The driving pulley A carries a split friction ring T and T^y which is ex- 
panded by the two hardened rolls S and S^ on the end of the sliding gear 
B. These rolls operate against the hardened shoes U and f/^, the inner 
surfaces of which are arcs of circles. The sliding gear B is operated by 
a conveniently located hand lever. 

To operate the friction, the rolls are forced in between the shoes a 
little beyond the centers of the arcs, thus expanding the ring and clamp- 
ing it to the pulley. As the rolls are beyond the centers of the arcs, 
they remain locked in position. To compensate for wear, the friction 
ring is adjusted by the screw W, and clamped by the set screw X. 



CHAPTER Vr 
The Cleveland Automatic Tujiret Maphine A'sn its Gam 

Ad.H'STMENTS 

One of the types of turret maehinea made by the Cleveland Auto- 
matic Machine Company, Cleveland, Ohio, is illustrated in Figs, 45, 46, and 
47. The latter ls in reality a plan view ui a different size of inarhine than 
that shiiwn in Figs. -15 and 46, hut the ronstrudinn iscsrienlially tlie same. 




— t'lfsi'liind Avilwmalic Turret Mtiehine 



SPINDLE DRIVE 



On the Cleveland machines, except in the cases of those budt for 
I forming and brass work, which are direct driven, the spindle is 



for light 1 

i driven J 
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by gears arranged on the shaft parnllel to and behind it, so that a 
belt running fonliiiuously in one direction will, when s^hifted from t 




Iio, 47. — CkvL-hinii Auloninlir Tumi Marhiiio (I'lim Vir-wJ 

imlley to another, drive tlie spimlli- all«rnnli>ly in ojjpuitilc clii'eelioi 
3 13 rt'iiuireiJ in threading a screw and backing ofif tlio die. These ( — 



ARRANGEMENT OF CAMS 69 

are usually so proportioned that the speed of the spindle is greater when 
running in one direction than the other, so that in threading the die may 
be run ofT the screw at a much higher speed than is used in cutting 
the thread. Other operations, including cutting ofT, may also be run at 
the higher rate of speed. The movement for reversing the spindle when 
threading is practically an instantaneous one and the full width of the 
belt is used until the operation of threading is completed. The spindle 
carries the usual type of spring chuck and feed tube for the bar stock. 

TURRET AND CROSS SLIDE 

The turret for carrying the tools is mounted on a horizontal shaft 
located parallel to the spindle. The tools are held in a concentric posi- 
tion in the front end of the turret and the latter is indexed and locked 
at its periphery on a radius larger than that of the circle in whicli the 
tools are disposed, thus serving to maintain proper alinement of the 
tools with the work* spindle. The Incans of supporting the turret during 
its forward and backward movements in the head, and the location of 
the longitudinal indexing notches in its periphery, are shown clearly, as 
is also the arrangement of the cross slide which ordinarily carries two tool 
posts, one or both of which may be used as operations require. 

GENERAL SYSTEM OF OPERATION 

The mechanism for operating the turret and the cross sHde, as well 
as the stock feed and chuck, is driven through speed-changing friction 
disks, by a quarter-turn belt from the countershaft which drives the 
work spindle. This feed-driving mechanism, by means of planetary gears 
and suitable clutch connections, provides an automatically controlled 
rapid traverse for the turret and cross slide during the non-cutting move- 
ments and a slow, readily regulated rate of travel during the actual cutting 
operations. The method of controlling this feed drive will be referred 
to later. It will be understood, of course, that turret and cross slide, feed 
mechanism, etc., may be conveniently operated by hand by means of 
crank handle and lever, when setting up for a given piece of work. 

An inspection of the half-tone engravings and the line drawing. Fig. 
48, will reveal the location and character of the various cams, the means 
of controlling the spindle-driving belts, and other features of impor- 
tance. 

ARRANGEMENT OF CAMS 

The cams may be classed under the following names: Turret cams, 
feed-regulating cams, cross-slide cams, chuck opening and closing cams, 
stock-feed cams. These cams are all clearly shown in position, in the 
half-tone engravings, and are represented also in the drawing, Fig. 48, 
which is a plan view of the operating mechanism. 
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The turret cams located just to the rear of the turret, as seen in Figs. 
45 and 47, are shown at C and D in the diagram, Fig. 48. These cams 
are fixed and are never changed. The forward and back movements 
of the turret E, controlled by these cams, are constant for all kinds of 
work; the idle travel of the turret, before the tools reach the work, is 
made at high speed, the cutting feed being tripped in just as the tool 




Fig. 48. — Camming Diagram, Cleveland Automatic Turret Machine 

reaches the point at which it is to start cutting. The feed of the turret 
to every revolution of the spindle is variable to suit the conditions of 
each individual tool held in the turret. That is, if there are five cutting 
tools in the turret and each tool requires a different feed from any of the 
others, each individual rate of feed is obtainable by means of the adjust- 
able feed-regulating cams. 



FEED-REGULATING CAMS 

These cams, as seen in the general views, and at F, Fig. 48, are strips 
of flat steel J x 1 inch, and each cam is held in place by two screws. The 
cams may be moved across the face of the drum G, this movement being 
provided for by slots milled in the drum, where the screws clamp the cams; 
also, they may be set at slight angles, taking peculiar staggered positions, 
as may be seen in the drawing. There are two of the cams for each hole 
in the turret, and the amount of feed per revolution of spindle is con- 
trolled by these cams to suit the individual requirements of each tool. 

In setting these cams the operator watches the cutting tools and 
adjusts the cams until the tools are removing the desired amount of 
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stock per revolution of spincfle. A slight change of angle on any of the 
cams produces a noticeable difference in the turret feed. The cams act 
through the medium of the levers H, which raise and lower the friction 
roll / between the friction disks and so give the variable feed. The disks 
are clearly shown in Figs. 46 and 47, as well as in the drawing just referred 
to. The cams F that are set at an angle, or staggering, as they appear 
in the drawing, are in most cases intended for carrying the roll from one 
cam to another; that is, from the cam set back to the one forward, or vice 
versa. There are, however, occasional cases when a cam may be used 
at an angle, say in drilling certain holes. Thus the drill can start in with 
the feed decreasing, or increasing, as it advances. When using a drill 
that is not an oil feed, the lubricant does not reach the cutting edge as the 
drill advances; for this reason it may be desirable not to feed the drill 
80 rapidly, and in such instances it is advisable to use the feed-regulating 
cam set at an angle. 

CROSS-SLIDE CAMS 

The drum J, carrying the cross-slide cams, has (as will be noticed in 
Figs. 46 and 47) a number of rows of tapped holes around the periphery. 
The cams A and B are standard for all work and are adjustable around 
the drum. The rate of feed of the cross slide Ls variable, this also being 
controlled through the regulation of the cam-shaft speed by the feed- 
regulating cams F, in combination with the turret feed. If a forming 
tool is working in conjunction with a drill, the feed is set for the heaviest 
cut each tool will stand. If a cut-off tool is working either in conjunction 
with another tool or individually, the cams that take care of this tool are 
adjusted without interfering with other tools in the different operations. 

CHUCK OPENING AND CLOSING CAMS 

These cams are shown at A', and are also visible in the half-tone illus- 
trations. As there shown they are cast solid on the face of a segment for 
bar work, while for magazine and double-camming work a drum is used. 
For bar work adjustment is unnecessary, as the cams are cast in the cor- 
rect position to allow ample time for chucking the longest piece within 
the capacity of the machine. 

STOCK-FEED CAM 

The stock-feed cam L, which answers for all work except where doul)le 
feed is required, is cast to the recjuired shape and clamped to the cam 
shaft. The general form is well illustrated in the rear view. Fig. 46, 
where the cam is shown just to the left of the cross-slide drum. Its 
adjustments are either around the cam shaft or lengthwise upon it. 

In case double feed is desired, that is, if it Ls required to feed the stock 
twice to one revolution of the cam shaft, a drum is put on the shaft in 
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place of this segment, and two cams, which are cast to the same outline 
as tlie segment, are fastened to the drum. 

THE SETTING-UP FORM 

Fig. 49 illustrates a printed form that accompanies machines that are 
tooled and covers all adjustment necessary in doing any class of work. 

POSITION or TOOLS AND CAMS ON THE CCEVELAHD AUTOMATIC 
SuBpltHo. OrdirNa, Uuh.tro 



Po^Ian ol Tool» Id Toitcm 



TotUioB ol RcfiilatlBa Cuu il R 




pBtUioB ol Cno Slide Guar 



Cnm Siiit Drum 




Twdi OB Pnmi ol Croa Slxk 





Tod* OB BKkalCrDO Slide 










SMofruooPiuw 




















PlniMn^RfnMI^ Pt- 










Fio, 49. — Setting-up Chart for CleveUnd Automatic. 
(Actual Siie 6 X 12 inches) 

The feed-regulating drum, shown at G, Fig. 48, and the cross-slide drum 
J are both represented on this sheet, which is designed to simplify the 
setting up of the machine when changing from one job to another. 



ATTACHMENTS AND TOOLS 



FEEDS, ETC. 

The countershaft diagram is included in the drawing, Fig. 48, M being a 
three-step cone belted from the main line; N the drum from which the spin- 
dle-operating pulleys are driven; P a pulley for driving the feed mech- 
anism through the medium of a quarter-turn belt passing over pulley Q. 

In setting up a job on the machine, the apeeti at which the spindle 
must revolve in order to get the peripheral speed of work best adapted 
to the tools is the first considei'ation and is obtained by placing the belt 
from the line shaft on the most suitable of the three steps of countershaft 
pulley M, giving a fast, medium, or slow countershaft speed. As the tool 
feed is variable between widely separatetl extremes of feed, the changing 
of the speed of the countershaft does not affect the feed of the tools, as 
the feed-regulating cams F are adjusted to accommodate the faster or 
slower speeds of the countershaft and producs ths d9sir3d rate of feed 
of the cutting tools per revolution of work. 



[ENT9 AND TOOLS 

A number of useful attachments are made for this machine and two 
of these are shown in Figs. .50 and 51. The independent cut-off attach- 
ment is designed to be used in cases where the forming to be ilone is too 
long for one forming tool and without this attachment would have to 




Fig. 50. — Imlcpcndcnt Cut-off Attachment 



be partly formed tm the automatic machine and finished by a second oper- 
ation in another machine. Hy using the independent cut-off device two 
forming tools can be used; one on the fiont of the cross slide an<l one on 
the rear; the piece being cut off by the attachment which is in no way 
connected with the cross slide, but rests on the hood of the live spindle 
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and the cam shaft, and is operated by a cam on the latter. In this way 
the piece is completely finished on the automatic machine. 

THIRD SPrNDLE-SPEED ATTACHMENT 

Another important device is the third spindle-speed attachment by 
which a slow spindle speed forward is obtained in addition to the regu- 
lar forward and reverse speeds. This attachment is of service especially 
when taking heavy cuts or threading work of large diameter and coarse 
pitch. With the belt on pulley A, Fig. 51, the normal speed is obtained; 
with the belt on pulley B and clutch C in operative position, the slow 




Fid. 51. — Third Spindle-Specd Attachment 
spindle speed is dei'ived through the medium of the planetary gears. 
\\'hen the belt i.s on pulley D the rapid reverse speed is secured for back- 
ing off the die or for cutting off the stock. Clutch C is controlled by 
cams on drum E and is engaged with pinion F to hold the pinion fast 
when the spindle is to be driven at slow speed by operating the belt on 
pulley B. AVhen the clutch is disengaged, releasing pinion F, B becomes 
a loose pulley. 

The magazine attachment is not illustrated here as it is shown in 
position on a Cleveland machine in Chapter XIV. 

TUKBET TOOLS 

A few typical turret tools are illustrated in Figs. 52 to 57. The first 
of these is a roller rest box tool with independently adjuatable rdla to 



TURRET TOOLS 

fteeommodate (Ufferent sizes of stock, and with three turning tools adapted I 
to be adjusted in the manner indicated. The block nearest the inner I 
end of the box tool carries an auxiliary steady rest witii a roll at its end | 
which may be applied when the work is reilueed to such a small diam- ' 
eter that it is Hahle to spring away from the cutting tool which is shown J 




opposite the rest in ii vertical position. Fig. 5-3 shows u conibinalion J 
drilling and chamfering tool. Fig. 54 is an adjustable boring tool which I 
may be used where it is necessary to secure perfect concentricity with | 
the exterior of the work. Fig. H^ is a die and tap holder in which the I 
socket for Ihe die i>r the fap is coiuicctod with the holder proper by a I 




I'li;, .i.'f. — t'oiiiliiiiiiliori Drilling unii t.'lianifrring Tool 



pair of rolls operating in oppositely located slot^. This gives the tlinad- 
ing tool considerable freetloni longitudinally and a.s.sures accurate results J 
even though the turret itself is not fed forward at the exact speed with 1 
which the die is drawn onto the work. Fig. 56 is a roller steady rest I 
used where it is advisable to support a piece of work undergoing forming I 
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Operations. The method of adjustment is sufficiently clear to require 
no exphination. 

COMUINATION UXDEHCUT FOKMINCi AND CCT-OFP TOOL 

This styic of tool, shown in Fig, 57, is use<l veiy extensively on the 
Cleveland machines. It will be noticed that it has an adjusting wedge 
so that the work diameter can be varie<l more or lews. In using the form- 



-«#= 



Fig. 54, — Adjustable Boring Tool. 

inp tool in conihination with a cut-off tool, the undercutting tool is set 
in advance of the cut-off; in other woixls. it passes under the work, com- 
pleting the outside of the ])iece and keeps in advance while the cut-off 




55. — Tup and Die Holilcr 



tool is severing (he piece from the liar. In combination with the forming 
tool it rounds the corner or produces any sha|>e desired before the cut- 
off tool on the opposite side of the slide has advanced to sever the piece. 



The regular turret machines of the type illustrated in this chapter 
are liuilt in a wide variety of sizes; the sin:illest having a chuck capacity 
of J-iru'h and turning lengths up to i; inches, while the largest, which is 
iutcndeil for handling tubing of large <liameter and for forming bevel 
gears and other parts from the bar, admits 6-inch material through the 
chuck and is capable of turning lengths up to 6) inches. A line of 



MACHINE CAPACITIES 

"plain ftiitomatics, " operated on the same principle, as the machiq) 
deacriiieti, are built with a single tool hentl in pJac^e of the regiJar turretj 
These are inteniled especially for nianufiicluriiig studs, rollers, short screw 






taper pins, etc., where the forming may be done entirely with the cross- 
slide tools. Several sizes of automatic chucking machines are also built ] 
by this company, ihcse being adiipted fnr finishing castings and forgings | 




which are handled in jaw chucks or on face plate fixtures. These I 
machines, in generiil design and operation, are similar to the regular ] 
turret machine illustrated. 



CHAPTER VII 

The Gridley Single-Swndlb Automatic Turret Lathe 

Trns iiificliinc, built by the Windsor Machine Company, Windsor, 
Vermont, ia designed for handling bar stock up to 2 inches <liameter 
nn<l for turning lengths of 8 inches, the feed of the turret tools l>eing 
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Turret I.uUn; 



sliphtly in excess of tiie latter figui-e. It is equipped with a «|>indie 
gpjirpil from a biick rthaft in the ratio of H to 1 and driven by 2J-inch belts 
oiKTating on ll-inch pulleys. The pulleys lire driven at two different 
speeils by open Iwlts, except wlien it is necessary to i-evci-se the spindle, 
tlien one in driven by cross belt in opposite direction. 
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THE SPINDLE AND CHUCK 

The spindle is fitted with the usual type of spring collet and feed 
chuck, and the chuck is operated by cams at the inner edge of the drum 
shown to the left in the general view, Fig. 58, while the feeding of the stock 
is accomplished by a weighted sliding block engaging the rear end of the 
feed tube, the weight drawing the stock forward as the chuck is opened 
(which movement takes place just as the high point of the large cam at 
the outer edge of the drum passes the contacting roll under the feed 
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Fkj. 59. — (Jridlcy Spindle Construction 

block), but the incline on the heel of tlie cam preventing al)ru[)t throwing 
of the bar against the stock stop carried by the turret. Tlie construc- 
tion of the spindle and its driving mechanism is shown in the sectional 
drawing, Fig. 59. 

THE TUKKET 

The turret is four-sided, with as many longitudinal gibbed slides for 
the tools, and, as shown in Fig. 60, is cast integrally with a long hub of 
large diameter extending through the bed of the machine. This hub 
or spindle is hollow and through it passes a shaft which at the rear end 
carries a crosshead and roll .1, which in c»)nnection with the cams H and 
C on the face of the feed drum reciprocate the shaft and operate the tool 
slides on the turret. Only that tool which is in working position is 
affected by the movement of the shaft, however, as connection between 
the shaft and anv tool slide is made onlv when that particular slide swings 
up into line with the work spindle. This connection is effected by a pin 
D under the slide, and which at the proper moment enters a notch in a 
dog carried by the shaft E. As the turret makes its next partial rota- 



so 
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tion, the connecting pin clears the engaging dog and the pin under the 
succeeding slide enters that notched member. Feed cams of three angles are 
regularly included, these being suitable for fine, medium, and coarse feeds. 
The cams are readily located about the drum in any required position. 




Fic. 6a — Gridky Turret Coostnicli 



C.UI-SHAFT DRn'E 

The cam shaft is driven by worm wheel and worm shaft actuated by 
the well-fcnown differential gear or "sun and planet" mechanism, the 
quarter-turn bdt being shifted at the proper moment from fast to slow 
driving pot^iiion, or vice versa, by a forked guide operated through the 
meiiium of adjustable dogs carried by a disk on the cam or main shaft. 
This feeil. as seen in Fig. 61. may be thromi out of action at any time by 
turning a small handle at the front of the bed. this handle being attached 
to a •'halt carrjing at its rear end the pawl which locks the raichet whe^ 
in this fitrm of drive. Of the two pulleys, F is the one driving through 
planetarj- gears, the pulley making 70 revolutions to one turn of the 
worm G. When the belt i.-* shipped onto pulley H, which is piimed to the 
worm shaft, the cam shaft Ls rotated rapidly for moving the tools to or 
from their cuts at high speed- 



TURRET REV 



D LOCKING UECUANtSU 

s driven, as in Fig, 62. by an inde- 



The turret rotating mechanisi 
pemient worm and worm-wheel, also rotated by a quarter-turn belt at 
the rear of the bed. 

The locldng disk A is keyed to tbe stem B of the turret and 
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Fm. 62. — Turret Revolving and Locking Meehani 
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4 tool steel shoes C into which the locking pin D enters. The locking 
pin is withdrawn by the lever E with its shaft E^ and arm E^y the upper 
end of which enters a hole in the locking pin. The lever E is operated 
by the roll F, which is fastened in the edge of the cam drum. This is 
the cam drum between the columns of the frame. When this lever E 
has been moved forward far enough to draw the locking pin clear from 
the seat C, the arm E^j attached to the lever E, raises the latch G, and 
the spring H slides the shaft / with its clutch member /^ into engage- 
ment with the other clutch member J, which is driven constantly by the 
shaft J^ and its pulley J^] this causes the shaft / to revolve, and that in 
turn revolves the worm K, thus causing the turret througli the worm K 
and worm gear L to revolve. 

It will be noticed that the end of the locking pin rides on the periphery 
of the locking disk A after the roll F has passed the projection on E. 
When the turret has revolved so that the locking pin drops into the notch in 
seat C, the shaft / with its clutch is moved endwise out of engagement with 
the constantly revolving member J, by the pin M in the lower end of the 
lever E^. In order to take care of the momentum of the revolving parts 
and clutch /*, which is geared with the turret through the worm K and 
worm gear L, a spring N is interposed, one end of which bears against the 
bracket which carries the revolving parts, and the otlier end against the 
worm Ky so that when the turret stops revolving, the spring N allows 
the worm K to act as a screw, the worm gear L acting as a nut, so that 
it is not necessary to stop the movement of the revolving parts instantly. 

The worm K is splined to a bushing 0, but is free to move endwise 
on the bushing, the latter being splined to the shaft /. The object of 
the latch G and the spring // is to prevent the engagement of the clutches 
/* and J until the locking pin D has been entirely withdrawn from the 
inserted shoe T, then the further movement of the lever E with its arm 
E^ raises the latch G out of engagement with the collar P on the shaft /. 
The movement of the lower end of the lever li? compresses the spring H, 
feo that when the latch G is clear of the collar P, shaft / is given a quick 
endwise motion to bring the two clutch parts together. There is a leather 
ring on each of the clutch parts so that when they are brought together 
by the spring // the turret is operated by the frictional contact between 
the leather rings. In fact the frictional engagement oftentimes accom- 
plishes the revolving of the turret without the necessity of the steel 
clutches. 

THE CROSS SLIDE 

The cross slide is operated by a cam under the turret. It is fitted to 
a heavy guide and a broad, taper, adjustable shoe is fitted to the top of 
this guide to take up any play. The slide may be utilized for either form- 
ing or cutting-off operations. Wheu it is used for forming, the cut-off 
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tool is carried in the pivoted arm at the back, this arm also being oper- 
ated by a cam on the disk beneath. 



THE TURRET TOOLS 



The slides carried by the turret give plenty of room for tools of any 
class or size likely to be required; each slide is provided with a longi- 
tudinally placed screw for adjusting the tools accurately to and from 
the spindle. Where desired, the stock stop may be clamped in one of 




the corners of the turret, thus leaving all fimr faces clear for cutting tools, 
and when so arranged, an extra notch is provided in the index disk to 
stop the turret in an intermediate position. By dropping a block into one 
or more notches in the index disk the turret may be allowed to skip one 
or more stations, thus turning quickly through two or more points in its 
rotation before It Is again locked. 




Tunwr Willi lic.llcr Hack RPHts 



Two tools may be placed in tandem order on any slide, and when drill- 
ing long holes the drill may be securetl — as in Fig. 63 — in a hokler at 
the rear while an auxiliary block at the front carries a supporting bush. 
The turning tools are equipped with roller back rests as in Fig. 64, and to 
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oacli ttKit, as well ju-^ to drills, there ih an oil su|>|ily which can flow to the 
tool oiilj' when the liittcr is in operating position. The oil piping will 
he seen in the various illustrations. 




Turoing und Foniiing 



Fifi, art shows a tumer and cross-slide tool in operation, an<l Fig. I 
Illustrates a 12-inch finishing slide. 



twi:lvk-incii rixisiiiNc rude 
The object of this tool, which is jiriniarily a finishing device, is to take 
a longer cut than the cams or the turret itself will admit. Tlie regular 
feeil cams will give only an 8i-inch movement, but with this tool a straight 
cut ]2 niches in length can be taken, and allow J-inch clearance. This 
is accomplished by havhig a rack under the slide operated by the regular 




iiicli I'iiiLKhjiig ^lidc 



draw bar in the usual numner. This rack runs in a pinion, onto which 
is fiLsten(>d a largo gear which in turn runs in a rack attached to the tool 
slide, and the rack <ii>cratcd by the draw bar thus gives an increased 
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movement to the rack attached to the tool slide. To use the tool the 
regular slide is taken out of the turret and the 12-inch slide put in ita 
place. 

TAPER TUHNER 

A taper turner is shown in Fig. 67. It carries two tools, one of these 
carried in post A preceding the back rest jaws B, giving the work a true 
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Fia. 67. — Taptr Turner 
cylindrical surface, while the tool C following the back rest is carried by 
a cross slide D wliose movements are controlled by the taper bar shown 
at the rear. 

DIE HOLDER 

A method of mounting an opening die on the turret is shown in Fig. 
68, where the die is mounted in a sliding sleeve which is held back in 
normal position by a light spring, the head in this position resting against 
a cushioning compression spring which prevents the die striking the work 
abruptly as it feeds forward. The die once started on the cut, the turret 
slide stops and the sliding carrier then moves forward in its holder until 
an opening lever on the die head strikes an adjustable stop bar shown 
just below the die proper. This opens the chasers, and, as the turret 
slide returns, the bent lever at the side of the die comes into contact with 
another stop secured in the comer of the turret, and by turning the die 
bead slightly closes it for the next cut. 
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The method of belting from the countershaft will be understood from 
Fig. 6t), no explanation being called for. 

MOTOR DRIVING AND CONTROLLINa ARRANGEMENT 

An interesting form of the Gridley automatic turret lathe, in which 
both the work spindle and cam-drum shaft are driven by variable-speed 




Turret with Uiwiiiiig Die in Flucc 



motors the controllers of which are operated automatically by cams on 
one of the drums, is shown in Figs. 70 and 71. This arrangement gives 
a very flexible control of cutting si>ecds and feed.^ throughout the cycle 
of oj»eriitions required to produce any given piece of work. 

Tliia type of motor-driven machine is made in two sizes, one taking 
bar work up to 3} inches, and the other up to 4} inches diamet«r. The 
vaii able-speed motor for the spindle is mounted as i-opresented in the 
engravings, at the top of the head-stock and behind the spindle. The 
motor shown is a General Electric 3-horse-power machine geared 10 to 1 
to the spindle. 

CAM-SHAFT DRIVE AND MOTOR CnXTROL 

The variable-speed motor operating the drum shaft and the turret- 
revolving mechanism ui fixetl to a bracket which is attached to the oil 
pan and the rear column of the machine, as shown in Fig. 71. Both 
motors are operated by controllers placed near the floor at the front side 
of the macliine. The metal tubing incasing the armature and field wires 
from the .spindle motor to its controller is shown in Fig. 70, while in the 
end view the wires from the feed motor to its controller are seen follow- 
ing the top of the oil pan. The controllers thcmselvps are nperate<l auto- 
matically by a small gear beneath the controller handle meshing with s 
segment gear pivoted on the frame holding the controllers, the segment 
gear being moved as desired hy cams Imlted to the opernting drum. By 
using different cams any desired speed may be obtained for the spindle 
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motor, or it may be entirely stopped while the tools are withdrawn from 
Bnifihed work. 

BPEED AND FEED VARIATION 

In threading work, inside and out, advantage is gained by slowing 
the spindle motor to the proper threading speed, and then reversing at 
full speed for backing oR or out solid dies or taps. This not only saves 
considerable time, but by having the proper cutting speeds better threads 
are obtained. The variable-speed feed motor in combination with the 
four sets of feed cams in the machine equipment gives the proper range 
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of feeds, from that required in drilling tool steel to the coarsest roughing 
cut a i X 1 inch high-speed roughing tool flooded with oil will stand. The 
wide range in both speeils antl {e&\a instantly obtainable for every opera- 
tion, with also a variable reverse speed of the spindle, enable the machine 
to handle to advantage any work within its capacity. The fast and slow 
motion for the drum shaft is obtained by driving the worm direct from 
the feed-shaft motor or back-geared through planetary gears, operated 
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i are use<l on the belt-driven machines for lliis pur- 



by the same 
pfise. 
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Tj.tlir iK,i.l Vi..H) 

The tools u.-*p<l on this macluiio arc of the siiinc geneml type as already 
shown in connection with the (Iridley Ijeltdriven automatic. 



CHAPTER Vill 

TiiK Alfred Herbeut Automatic Schew Maihine 

The arcoiiipanying Imlf-tone, Fig. 72, illustrates the autoiniitic turret 
lacbine built by Alfrwl Herbert, Ltd., Coventry, Englaml. The machiiio 
jown, which is one of the larger .sizes made by this concern, will admit 
SJ-inch bar through the spindle ntul will turn up to a length of S inches. 
I LS illustrated a.s fitted u|i fiu- pniduririg shells for ^iuick-firing gun.-i. 




The arrangement of the cam-shaft drive, and cam drums, the cro.ss- 
j mechanism, etc., are cleaity brought out in the general view. The 
pindle with its spring collet and stock-feeding apparatus is driven by 
pBhaft at the rear to which it is connected by gear and pinion, the driving 
aft being operated by a pair of bells from the overheafl works. The 
jrangement is »uch that both of the belts can l>e open and one of them 
rthan the other where it is desirable tjj change the speed of the work 
bring its progress, as for tapping or externiJ threading, the .spefd chang- 
l automatically the aauie a.-* though it were reversing. 
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THE ALFRED HERBERT .UTOMATIC SCREW MACHINE 



Tlip type iif tiiiils usptl in turret ami cruss >ilt<l«s is shown clearly. 
A initiilior iif uirrpt tnuls arc also illustratod in Fig. 73. One of the tools 
in llie group i.s the Coventry ojx-ning die, and this die is also illu.'^trated 
mounted in a spring holder in the turret and with the operating cam at 
tlip siile of the latter. The magazine machines built by this company 
!ire desrri[)efl in Chapter XV. 




I. Drill II.,l,l.-r ;iti.| [Iiisliini;. 11. r,.„t..riii« im.l K.ii-iiif; T.i. 

:i. Ili.K T.mJ with Two Ciii.T HIiMks. 4. Siraily Bush Ilol.Irr. 

5. Citvcnlr^- (l|iciLiiic Vif. fi. Opriiiiijc I>ip in Turret. 

Fig. 73. — Toola for HiTlxrt .\uloiDUtic Screw Machine 



CHAPTER IX 

New Spencer Double-Turret Automatic Screw Machine 

The Sjiencer acrcw machine, with ita two tiUTet.a, as now built by ^ 
the Mack Manufacturing Conipaiiy, Jersey City, N. .)., is illustrated 
in Fig. 74. It handles stock up to 1 j Inches through the hollow spindlo 
and finishes both ends of a pirce wilbout removing it frcmi the niHrhine. 




The drum jit the loft carries the cam strips which control the stock 
feed and the chuck of the main spindle. Next come the two disks with | 
cams for contriilling the bell movement in either direction; then the cut- 1 
off and (orming-luol cam disk under the cut-off slide; the friction disk J 
which revolves the turrets at the prii]jer time; two more belt-shifter disks; | 
the worm-feed mechanism for revolving the drum or cum shaft and the I 
large drum with the cams for the first or left-hand turret; the cams for the I 
secondary spindle movement, and for controlling the chuck in this spindle. { 

The two turrets are mounted on spindles at the back of the machine, 
the spindle for the left-hand turret telescoping through the iiuill on which 
the right-hand turret is mounted. The latter docs not move endwise, 
but the wiirk is feil to the tools of this turret. 

The first turret is fed lo the work through the quill, and buth turrets 
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are made to revolve together by two studs, fastened in one turret and 
sliding in the other, as can be seen above the secondary spindle. 

The stops are carried in the outer edge of the first turret and rest 
against the plate shown, which also guides the tools in line to their work. 
The cams draw the stop off the end of the plate when it is time to revolve, 
the friction disk with the chain which is constantly pulling the turret 
forward revolves it, the cam throws the next stop over the plate and the 
next tool goes to work. 
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Fig. 75. — Work Done on Double-Turret Machine 

In operation the bar is feil in through the left or main spindle to a 
stop in the first turret, the chuck is closed and the tools in the left turret 
commence operations on the piece. Taking any one of the pieces shown 
in Fig. 75, the making of the first end is, of course, regular screw-machine 
work. When ready to cut off, however, the long slide throws the second- 
ary spindle forward, pjust the open side of the second turret, till the chuck 
closes over the end of the work alreadv finLsheil. As both the work 
and the secondary spindle are revolving at the same rate, there is no 
difficulty in gripping it firmly and without injury. 

Then the second spindle recedes, carrying the work, and the turrets 
revolve; while the first turret is at work on the beginning of a new piece, 
the second turret is finishing the back end of the piece in the second 
spindle. In this case the work is fed to the tools. 

When the last operation is done, the secondary chuck opens, the 
ejector controlled by the siiring at the extreme right pushes the work 
out of the chuck, and it is rtMuly to g^) forwanl again, to take a new 
piece which the first turret hna finished anil ia ready to cut ofiF. 



CHAPTER X 

The Cleveland Double-Spindle Plain Automatic Macrine 

The two-spindle machine illustrated in Fig. 76 is designed primarily 
for forming and shaving both ends of the work, thus obviating the neces- 
sity for a second oi>eration. It has, in place of the usual Cleveland turret, 
a second heail carrying a spindle in tine with the main or left-hand spindle 
thniugh which the stock is fed in the customary manner. After the end 
of the bar is fed through the left-hand or main spindle and is grippetl in 
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the chuck, a combination cutting-off and forming tool advances and 
completes the outer end of the piece; it is then fcil through the righl-hand 
spindle hood, the chuck mechanism on both spindles acting simultane- 
ously. The piece then partly finishefl is grippeil in the right-hand chuck 
and the forming tool ailvanccs, finishing both ends as seen in Fig. 77. 
After the forming tool has advanced far enough to Bop.irate the two pieces 
it still continues to fee<l forward for a short distance until both ends are 
shaved clean and exact to size. As these operations take place on one 
piece after another, the finished parts are moved through tlie right-hand 
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spindle head, finally dropping into the pan fastened to the end of the 
machine. The spindle and cross-slide operations are controlled in prac- 
tically the same manner as on the regular turret machine built by the same 
company and illustrated in Chapter VI. 











Fia. 77. — Work on Cleveland Double-Spindle Machine 



CHAl'TER XI 

The ArME MuLTii'LE-yriNDLE Automatic Screw Machine 

The multiple-spindle autumatic acrew machine built by the Natinnal I 
Acme Manufacturing Company, Cleveland, Ohio, is illustratoi in its j 
latest form with aingle-belt drive in Figs. 78 anti 79. When equipped I 
for motor drive the single driving pulley is rephiwd with a spur Rear and ' 
the motor connected to this is carried on a bracket pl.if'cd at the left o( 
the p-ar. 
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The machine as shown consiBts primarily of a cytindpr A, Fig- 78, holii- | 
ing four stock-cnrrying spindles and st series of slides nirrying tools which 
operate on all four bars from the side, top, and end at one time. 

As there are two slides o]>erating from opposite siiles of the machine, 
two from ttie top anil one (the main slide, which la capable of carrying 
95 
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fiiur tiHils. (Hie for oaeh ppimlle) from the oml, it is pos,-!ibIc to use eight 
iJeiwnue ttmis at one time — two on eaeh bar, one from the end and one 
from the :-'u\e. 

After a bar has been operated upon in tlie first position by one pair 
of iiKiIs. it y carrietl on to the next pair by the cylinder wliich is indexed 
by i]uarter turns. In this manner, after three sets of tools have finished 
their work u|>on tlie piece, it is carried to the fourth jwsition where the 
filial touls (one of which is a cutting off blade) operate upon it. This 




t'm. (U. — Ai-iiH' Miilliii|i>Spin>llo .\iitotaalic St-ivw Machine y,Henr View) 
pivcs a ftnishod piece at each quarter turn of the cylinder. As all tools 
wurk siitiidtaneously, the time rciiuired for the longest single operation 
is the time necessary to finish the i>iece. 

It is frciiuontly possible to combine two or more tools, such as a box 
loul and a drill, two dies, ilie ami tap, drill and countersink, etc., or to 
use s|ieci:il attadiments. iloscril>ed later. In such cases more than eight 
operations are readily |)erforiniii. 

The stock is fed in tlie manner generally adopteil on automatic screw 
machines, all movements being cam coiitroUnl and positive. The length 
of feed and |>osiiion of the gage stop are easily changed to meet the re- 
quirements of the work in hand. The gage stop on this machine does 
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not occupy one of the end tool positions, but is so arranged that the stock 
is fed against it during the quarter turn of the cylinder on the smaller 
machines, and just before the tools engage the stock in the first position 
on the larger sizes, the stop being swung back to allow the tools to come 
into contact with the stock. 



DRIVING ANn SPEEn CHANGE MECHAM3U 

The drive to the four work spindles is transmitted by the longitudinal 
shaft and connecting gearing as illustrated in the general views and in 
Fig. SO, and the speed-changing mechanism and cam-shaft drive are 
arranged as represented in Fig. 81. 




Kio. 80. — Acme Spindlo Drive 



A change-gear system is used in connection with these mechanisms 
in order to transmit driving power, as well as facilitate rapid changes in 
the spindle speeds and tool feeds. 

The stock-spindle speeds are controlled by back gears A, Fig. 81. 
When running direct, gears on the stud B are slipped out of engagement 
with those on the pulley hub and top shaft, or removed entirely. 

Direct drive is obtained by first sliding gears on the stud out of mesh, 
then binding together thimble C and pulley (or gear, if motor driven), 
with the two screws furnished for this purposa. When changing from 
direct speed, the two thimble screws are removed before placing the gears 
on the stud in mesh with the gears on tha pulley hub anil shaft. To 
change the spindle speed, the vertical section of overhanging arm D is 
removed by removing screw E, after which thimble C is removed, the pulley 
(or gear, if motor driven} slipped off of the top shaft and the gears slipped 
from the hub of the pulley and stud, replacing with the gears to be used. 

FEED CHANGES 

Feed-rate changes are controlled by gears F, Fig. 81 through which the 
earn shaft is operated. The idle movements of the machine (those which 
occur when the tools are not operating on the work, such as feeding in of 
the rods, indexing of cylinder, movement of tool slide toward and from 
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iho wiirk. eic.) occur when the machine is running at the constant or 
liin'ci spccil, or when shding clutch is engapeti with the teeth m clutch 
c.'lhir //. Thniujih the use of Roller clutch J tlie feed-change gears remain 
iillo <lurin^ tliese movements. Various classes of work can be proiluceil 
a; :» liicher rate than is proviiled by the direct feed drive. This is accom- 
plishtvl by the use of certain coinbi nations of change gears ami is clearly 
soi forth in a gear table, supplicil with the machine. The shifting of 
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moved to throw the sliding clutch in engagement with the teeth of the 
direct-drive clutch, thereby eliminating the possibility of trouble which 
might be caused by jamming the tools against the work on the fast or 
direct speed. This hand lever will be found very convenient during the 
work of setting up the machine, as by its use the amount of hand cranking 
can be very materially reduced. 

Clutch G, Fig. 81, should always be in the neutral position when the 
hand crank is being used. The shifting action of this clutch may be 
regulated by slight adjustment of angular cam N, and its proper engage- 
ment with the stationary clutches is assured by tension on the spring which 
operates plunger P, this tension being increased if found necessary by 
turning nuts R to the right. 

Frictions S and T are employed in connecting the feed-change gears 
to the sprocket shaft and the small sprocket to the worm shaft, their 
use being a safety measure as they will slip in case of accident causing 
unusual strain on the machine, and thus prevent the breakage or dis- 
tortion of the more vital parts of the mechanism. 

CAMS AND CAM SHAFT 

The cam shaft carries the drums and disk to which are attached the 
cams which control the several movements of the machine, and in addi- 
tion the indexing segment for the cylinder carrying the four work 
spindles. The proper indexing of the cylinder depends upon the indexing 
segment, and especially upon the last tooth, which is made adjustable 
to compensate for such wear as may occur at this point. 

To drum or disk B, Fig. 79, are attached the cams or dogs which oper- 
ate the lever controlling the change from the idle to working speeds of 
the machine, and with the exception of machines Nos. 51, 515, and 52 
the lever operating the thread-starting mechanism. 

Cam drum C, Fig. 79, operates the main tool slide, and on machines 
Nos. 51, 515, and 52 the thread-starting mechanism. The grooves in 
this drum are for what are known as the "backing-up*' strips, which 
are used to relieve the strain on the screws that hold the lead cam — the 
cam which feeds forward the main tool slide. The cross slots in this 
drum provide for adjustment of the cam which controls the rapid move- 
ment of the tool slide toward the work before the cuts are started. 

Disk D, Fig. 79, carries the cams which operate the cutting-ofT and 
forming tool slides. There are two sets of screw holes in this disk for 
locating the cutting-ofT cam, one set of holes to be used when there is no 
operation to be performed from the fourth position of the main tool 
slide, the other when this position is used. It is necessary to use the extra 
set of holes when an operation is being performed in the fourth position 
from the main tool slide in order to delay the cutting-off operation until 
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the tool slide recedes sufficiently to allow the tools in the fourth position 
to clear the work before the piece is entirely cut off. 

Disk Ej Fig. 79, operates the cylinder-locking levers. On the small 
machines this disk is outside the leg. Disk F operates the oscillating 
gage stop on machines Nos. 53, 54, 55, and 56. Machines Nos. 51 to 52 
are equipped with stationary gage stop and this disk will, therefore, 
not be found on these machines. Cam drum G carries the cams which 
operate the frictions, chucking and un-chucking levers, and feeding mech- 
anism. Cam shaft end play is taken up by collars at L. 

THE WORK-SPINDLE CYLINDER AND CYLINDER CASING 

The cylinder A, Fig. 78, for the work spindles is of gray iron, the 
bearing surface of which is ground to size. The internal surface of the 
cylinder casing B is also ground to size; compensation for wear of either 
the casing or cylinder being provided by a slot in the casing. Contrac- 
tion and expansion of the casing is controlled by screws C and D. To 
contract the casing loosen the screws in top bracket E, turn screw C to 
the left, and screw D to the right. When proper adjustment is secured 
turn screw C to the right. To expand the casing turn screw D to the 
left, then screw C to the right, after which screw D to the right. Longi- 
tudinally the cylinder Ls held in position in the cylinder casing by a flange 
on the cylinder and adjustable clips F. When the cylinder is indexed 
by the segment gear G, Figs. 78 and 82, it is brought into correct position 
by plunger A/, Fig. 82. When in proper alinement adjusting screw iV, 
Fig. 82, is resting upon half-rcund plunger P. Plunger M is designed to 
enter only a short distance into bushing /?, the tapered portion of the 
plunger striking the upper wall which, with the assistance of springs S, 
insures perfect contact between adjusting screw N and half-round plun- 
ger P. 

WORK SPINDLES, BEARINGS, ETC. 

The work spindles are of steel, chucks of the push type being used. 
Each nose piece is ground in place on its spindle. Bronze parallel bear- 
ings are used in the cylinder. The front and rear tapered bearings are 
of bronze, both running in hardened and ground steel bushings. The 
longitudinal movement of the spindles is adjusted for end play by turning 
collars N, Fig. 83. To adjust the chucks to the rods, finger-holder 0, 
Fig. 83, should be turned to the right (after first unscrewing the set screw) 
if it is desired that the chucks grip the stock tighter, or if less tightly, to 
the left, the set screws being tightened after the proper adjustment has 
been secured. The feed chucks are threaded to turn right-handed and 
fit closely in the feed tubes to prevent their coming loose when the 
machine is in operation. As the work spindles rotate to the left the nose 
pieces have left-hand threads. 
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FRICTIONS 

Tiu* spindlo frictions, Fig. 8:^, which make it possible to hold one work 
Hpindlo stationary wiiilc the remaining three continue to rotate, are made 
\ip of four j)rincipal i)arts, viz.: sleeve -1; male tapered section and gear 
H: fiMualo tapcivd section ('; spring seat D. The work spindles as 
already stated are driven by a gear attacheil to the spindle-driving shaft 
meshing with the gt^ireil |H>rtion of the male tapered section B, engaging 
fonuile taiHMXMl sectitm (\ which is keyed to sleeve A; sleeve A being 
kt\viHl \o tiie work spimlle. Sections 7^ and C are held in engagement by 
spriujiTs A'. \\ hen s*H*tiims li and C are not engaged, section B not being 
koMMl to slinne .1 ivtates freelv on it, and section t\ sleeve J., and the 
wiM'k spindle ivnuun statiimary. Disengagement of members B and C 
ix^sulting in tlie work si>iniUe Inking held stationan" is necessar}', while 
t Invading, cross-ilrilling, side milling, or other special operations of this 
nai\ux* aiv Iving |H*rformeil. Where the friction caused by lever F com- 
pix^ssing springs H is insuflicient to hold the work spindle stationary', 
which nuiy In* the casi^ when cutting iH^arse threads, adjustable plunger 
(i Kh^UihI on the under side of bracket L ^wliich bracket is attached to 
tln^ cxlinvlor casing^ is bnnight into contact with lug 3/ inserted in sec- 
tion (* v>f the trictiv^n. This will prevent notation of the work spindle 
d\r.in)^ the thix\uiing oivration. The length of time the work spindle 
r.;;:>: Iv lu^Ul stationary is dotormincil by the duration of the threading 
or s^yvial \*|vrations. The o|vning anvl oU^sing of the friction is con- 
irvV;\\i by oaius on cam dnnn (i\ Fig. 7*,^, ojxTating through a roU, lever 
.t. .-'iVo; a ^^j^jiU^Uvkiuji doxiiv. The ojvning cam is p^xsitive, while the 
c*vv>;v.*: oa;v. is a*5justaMo on the oan\ drum. In the larger machines 
j\\s.::\o i';;:*'Juvi art^ us^\i iu plavv of trio: ions to provide against slip- 
v.;ni, :':h^:^^ ;\:x^ o}vraTt\l in the s:\:r.o r,\annor as ;ho frictions on the smaller 

MUN TVVL SU^V. 

V':v r. s'.r. :v\\ >.u;o. Fie. S4, cArrii^ :V.o :ix Is usuallv caxried in the 
:uTT\: .f >ri>>yiv.*;> r..a* V.iv.«^. ;.«,. :h*\s*i'* workiV. fron: i he end. Four 
> :;v r\s\:" v.r.'. r,;;r..Vr ot :*\\s ;: w V, a*^vr.^:v.^x:a;o, although by the 
;:st- » : o. v V vA■.:x^v. :*\\> iv. :!h^> x\\<::;.r.s. :v.otv :r.an four operations 
" ^^^ \\;,x*^.'.'\ V *j\vvrv.f\; Vho iKVAV.or.s of :he s*p\-eral tools are 
.:.*^,c . ^\-, A> -.x-.x/.^-vv." V':v :••:>: :> tlv :v>^::o'r, :r,^:v. which the tools 
^- c-vCi' c V-,: ,v. \x \'-. r-v :\Tr -vc :.v"! :s o;vT:Si::r.g. The second, 
■"- -'vw ,-.' .; \o::,:/.'\ *.v-:;/\\ :.« 'iv '''>: ixv-^ ::.^r.: :r."c:hinl, opposite 
• ^ *■ • ../'■■ .-. X -.v- ' .s " r' •. ,- : ; V ^\\ V .i. :>. .> .: : . r. : : ho fourth, below 

Vv :^x\ > ^x > :v.xx\; :.x\av.; ^-vr.; r-.r.. :hc mvri bv cams bolted 
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3 cam drum A, Fig. 84, operating on a roll attached to adjustable glidt 
B, which is boiled to the body of the niitin tool slide. 

It is good practice to have the shank.^ of tools extend as far back utB 
the tool spindles as possible in order to secure inereoectl rigiiUty. Tol 
make tliis possible two methods of adjustment are provided when chanf^V 
ing from long to short work and vice versa, viz., the changing of the poa-'fl 
tion of the lead cam on the cum drum, ulsu that of adjiisloble slide SfM 
Fig. 84. 




When it is necessary fn perfuciii an operatiiin from the fourth posi^ 
tion in the tool slide, about 4 inches should be taken off the wide end 
the lead cam on Nos. ."iS to SS machines inclusive, and about 3 inches 
the Nos, 51 to 52 machines. This is done to allow the tool in this 
tion to clear the work before the piece is cut off. 

If desirable, the tool spindle in the socimd position can be rotated 
nteiins of the gears driven by the sliding gear keyed to the spindle-driving 
shaft for driving the threading spindle. The back plate allached to the 
rear of the vertical portion of the tool slide with screws anri sparing collars 
carries a stud upon which the intermediate gear that drives ' 
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-::r. Le ir; 'hi? pi-sition roiales. This spindlp may be driven by loosien- 
:ri2 a c- Liar iii the rear sufGriemly to allow ic lo relate freely, un^irrewmg 
i :.i'. •r. :t.e stu-i and moving the siud sufficiencly to bring the inierme- 
;;i*e eeisr iatu me?h with the gears on the spindle-niriving shaft, then 
•:z:.:ecir.e the jsiud again by screwing up the nut. The rtttaiion of the 
-^^•■:A p-Tiiriun tool spindle is found verj' convenient in ca;!es where a 
vtrj- -:;.ali hi-le L* w be drilletl. ^rews are provide*! for use in adjusting 
•I'.e i---iU'-n of the individual tools in the tool sUile and also ser^e as a 
Ease s*.Mp in re-setting totils in their original positions after they have 
l»f*n reu.-'ved [n>m the slide. 

THREADINU UECIIAMSM 

The threadine mechanism is so ctnstructeii a.-: to allow for the thread- 
ir.e •peratiiin a.- much time as is consumed in the longest milling, drill- 
:!,z. "r f'-rmine ojeration. thus insuring ginxl threads, and long life for 
ii.i- :hreailine t-x-ls. 

f»:l i~ f'Tce-i thniugh the die spindle into the die frx'm the rear, thus 
pr-'viiine aniple lubrication. Tlie die spindle i* n^ated by means of 
.sli'ijne gear £'. Fig. So. which is keye^l to and driven by th? top shaft. 




Fw. S5. — <ir^i nuinee C.tar for Thn.'otlini: Spimlk- 



Wher; the die spir.ile is not in use clip F can be raiseil and the gear slipped 
o'i'. ■■: RifT-h with the ihreadins-spinille gears. When clip F is in eiigage- 
n.t-:.* with the 27-<-'VC r.eare.-t the teeth in gear F the threading spindle 
-iK-ve will }»: -iriven direct and at it< highest rate of s)x>eil. When clip 
F i- in ensaKf-::.er.: wirli the er'"'ve farthest fmm the teeth in gear E 
the -Wve ttiil l*' driven thn^ugh the inteniiotliate ami com|xiuiKi gears 
fj and // at i'.' l..we-t rale >>{ spee-l. The threading-spindle sleeve n>Iates 
»!>■••.» :*ven tiii.e^ a- rai'idly when driven dire«-t as when driven through 
irit*ri!ip>iiate and c"iii|t"un'i gears. In threading bnL-is or cutting very 
fine threads on .--■fi steel, the direct drive niiiy l»e ustxl. In most other 
ca.-«* it 1-= ailvisable t" u^ the imermciliate drive. 

The threadins .•'pindle is ilriven by pins .1, Fig. S(l. attacheil to the 
threa<line-spindie sleeve, engaging pin B in the spindle. Tin H is adjust- 
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, this adjustment Iipiiig used when the pitch of the thread 
is such that the forward travel of the tool must be faster than that of 
the tool slide. These pins are furnished in various lengtlis. When the 
tool becomefl slightly dullei), or when the die has a shallow throat (which 
is necessary wlien the thread is lo be cut close up to the head or shoulder ] 
of the work), the device in Fig, S6 is brought into use. ■ This is known 
iia the Ihcoiul stmU'r ^iml unriaif,-' lk fulluws. 
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I'lc. SB. — Threiwline Mediiini.^iiii 

At the time the tool is in position where it just touches tlie end uf the 
blank to be threaded, roll D should be adjusted so as to be brought into i 
contact with swinging pawl fJ. the roll holder being adjustable on rod i 
F, which is operated by an aiiju.'italiie cam on cam dnim B (Fig. 70), 
through lever G, Fig S6. t^pring U compensates for any slight variation I 
there Bia\ be m the lengtli of the blnuk, making the starting of tlie tool 
positive, but the operation of the mechanism flexible. End play in iho i 
threading ^prndle Blee^e is taken up by collars L. 

After the tool has completed the operation of threading, the work i 
spindle IS released (as e.'iplained in connection with the operation of the I 
frictions) and the tool runs off when the ratchet N on the rear end of the j 
die spindle engages Hexible pawl M, all receding with the tool slide, 
setting tools for tlireading, before starting the machine the ratchet should 
clear flexible pawl M from t to ft inch when pins. I and flonthcthrcading- 
spindle sleeve and spindle are placed end to end. With the regular 
threading mechanism only right-hand threads can be cut, but the machine i 
can be equipped with lefi-hand threading attachment when so desired. 
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FORMING AND CUTTING-OFF SLIDES 

These slides are made adjustable for position lengthwise of the ma- 
chine. This makes it possible to change the longitudinal position of the 
cutting-off and forming tools without disturbing the tools themselves. 
The cutting-off 4ool when of the blade variety is adjustable for hight by 
means of a screw in the slide. A gage for setting the forming tool to the 
proper hight is furnished with each machine. 

On machines Nos. 52, 55, and 56 both the levers which operate the 
forming and cut-off slides //, Figs. 78 and 79, and the bracket in which 
they are pivoted, are drilled in two separate locations. This double 
drilling makes it possible to form deeper and cut off larger diameters of 
stock when the levers are pivoted in the lower holes without substituting 
cams of a greater throw or travel, as designated in a table accompanying 
the machine. 

TOP SLIDES 

Two of these slides are provided, operating in second and third 
positions as represented in Figs. 78 and 79. They are adjustable length- 
wise of the machine and are used for nurling, thread-rolling, shaving, 
light forming, etc., and are very useful in producing many varieties 
of work. Their operation is provided for through bar cams attached 
to the tool slide. Cam M, Fig. 79, moves the top slide toward, and cam 
A^ from the work. These cams can be readily filed to any angle, thus 
providing whatever feeds may be deemed desirable for the tools in use. 
In operating tools in these top slides, care must be exercised in having 
cam M notched and the tools so set that the slides will be in their orig- 
inal position and the tools out of the way before the indexing of the 
cylinder carrying the work spindles takes place. 

The cams rarely need changing as the set provided with the machine 
covers a wide range of work; extreme cases, however, require a faster or 
a slower feed. 

TOOLS AND ATTACHMENTS 

Fig. 87 illustrates the machine as it appears equipped with tools for 
each position for operation on four rods at the same time. Fig. 88 is a 
group of collets, feed chucks, and jaws. Fig. 89 illustrates various types 
of box tools wath back rest jaws, roller rests, etc. Fig. 90 shows die, 
tap and drill holders with button dies, tap and drill bushings, die exten- 
sions, etc. The die holder at the top of the group is a telescopic device 
used in cutting two threads. A tap is frequently used in place of the 
second die. At the center and left of the group is a friction die holder 
used for threading close to a shoulder on small work; a button die holder 
and extension being shown just to the right. 

Fig. 91 is a set of tools for machining a stud shown at the center of 



TOOLS AND ATTVCHMEN'TS 




Fig. S7. 



SpiriUles uiiil Tiiol I'ci! 



f the gi'oup. As this work is indexed through the four positions, the tools 
icperate as follows: Forming tool and lower box tool in the first position; 
ihaving tool and box tool with roller rest, second position; die in the third 
ud cut-off tool in the fourth poeition. The shaving tool shown just 
Olbove the die is Kimilar to a number shown in Fig. 92, which also includes 
Mveral types of nurls. ami a thread-rolling tool. The shaving tool is 
mounted in the machine as illustrated in Fig. 93. It consists of a holder 
carrying a rest iiml a sli:\viiig blade, llie holder being pivoted lo allow 
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n center. Aa the distance Ijetween 
ce set is {Kisitive. :iu() as the t(X)l is allowed to find 
m center, it i>iMdures voiT accurate results. 



the hiade and rest to find their 
Made and rest when 
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sliilo. It produces smotith, nccurate threads and is obviously ap^ 
ciible to many cases where a die cannot be operated. At the same tiq 
it may be used satisfactorily at the front side of a shoulder where c 
narily a die would b? eniployetl. Fij;, 94, which is a rear view, i^hawBfl 




- \V.,rk lii-Um <.i..| After Tim 
iiig Willi Hutli^r 

piece of work before and aftci' threading and clearly illustrates the tnannl 
in which the threading roll can Iw applied between a shoulder on til 
work and the face of the chuck. 



MILLING AITACHMENTS 



CKOSa-DRILLlNO ATrArllMENTS 

The cross-drilling attnchnient shown in Fig. 96 is operatetl in the third J 
position, where provision is made tor stopping the rotation of the stock j 
to allow for threading and other operations. The attat-hment ia secured J 
to the cutting-off slide and actuated by the culting-off lever. On the I 
larger sizes of machines sufficient feed for the drill is obtained by an aux- 
iliary lever at the side of the attachment, which increases the throw ] 
of the cam. Adjustments are provided for governing the depth and post- t 
tion of the hole in the work. The drill spindle is operated by a belt from j 
a countershaft. By using a combination tool it is possible to drill and ] 
countersink a hole lit the saiiie time. 




ts-Urilliiig AlliLcliiiioiiL 



Cross drilling from the top of the piece may be accomplished by meana 
of an attachment used in place of the top slide over the third poaitioi 
This attachment may also be used in conjunction with the one on the 
cutting-off slide, the holes being drilled at a given angle to each other. 
Also, when required, the machine may be moilihed to allow the two holes 
to be positioned at any angle with poch other between 90 degrees and a 
few degrees from parallel. 

MILLING ATTArHMEMTS 

There nif two forms of end milling attachments for the machine, one I 
being cli-ivcn by belt; the other by gears. The latter tytJe is illustrated i 
in Fig. yo, and is adapted to the heavier classes of work; for ex.iniplc. 
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where two cutters are refjuircd. Those Httachments are iii>eratefl fnnii 
the main tool slide, opposite the third ctmk position owing to the neces- 
sity of having the stock stationary during the drilling operation. Hither 




End -Mil ling Attachment 



attachment can be used in conjunction with cross-<Irilling or side-milling 
attachments, but are not applicable where threading operations are re- 
quii'ed as their position un the machine is then occupic<l by the threading 
spindle. 




SiiK-MillinK Altacliiii 



A side-niillinf; uttaehinent is shown momitod on the cross slide in 
Fig. 97; awl in Fig. !)S a slotting attachment is illnstrate<l, the work 
handled in this device being receivetl fi-oni the spindle by a turret holder 
and carried amund in fitmt of the saw or saws as the cjise may Ije. After 
the operation the piece is ejected in the manner indicated. 



MACHINE PIZES 




Slotting uiiiJ Milling Atliii-liiiii'nt 



MACHINE SIZES 

A scttinR-up print for the different sizes (if Acme machines is repro*'! 
liiic&l to small scftle in Fig. 99 with the leailing over-atl dimensions, belt I 
widths, etc. The several sizes in whirh the machine in built runjip from | 
a chuck capacity of J-iiich and feed length of 2J inche= to a chuck cajmc- 
ity of 2\ inches and feed length of lOJ inches. 
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Pig. 99. — OvBrfaoad Works and Oventll DimeDsionB Acme Automatic Screw Macbme 



CHAITEK XII 
The Umvkusal Multii'LE-Si'ixdle Automa' 



; SciiEw Machine 



The Rpiicral ilcsi^ of lliw iiincliiiio, which is built by the Universal 
Muchine Sc-ipw C'oiiipjmy, Hiiitfiinl, Cumi., is well shown in the front 
unil renr views. Figs. IIH) ami 101. 
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•tvvi Mui'liiiii' 



The m:u'hine hiis five s|>iiitlles and is ojieratffd fiiiin the countershaft 
by a single belt iiassing over llie plain ihivinp pulley shown at .1. Fig. 
\Vrl. The five spindles are canieii in a cyliniler which is imiexeil to bring 
(rne spindh' after another in front of each iif the five tools in the tool 
slide. The hitter is feii forward by the cam underneath, bringing all 
the tools into action siimiltaneiiusly, and u piece i.s completed at each 
advance of the tool slide. 



OPERATION OF THE SPINDLES 



OPERATION OF THE SPINDLE3 

For ordinary turning, forming, drilling, and other operations, the | 

Bpindlea run in a left-hand direction; for threading, the spindle with the , 

work is run slowly to Ihe right during the operation and upon the die . 
reaching the proper distance the spindle is reversed and the die rapidly 

drawn off the work. Aa will be seen, each spindle has at its rear end i 
two spur gears. The one nearest the turret is operated by a gear on i 

central sleeve pjissing through the turi-et and supported at ita right-hand ' 




end as shown at fi. Fig. tt)2, the gears C and D serving to drive this slet 
or hollow shaft, through which passes shaft A'. This laller shaft carries 
at its left end gearing engaging the outer gears on thespindles for driving < 
thcni during threading operations. The drive for shaft E is transmitted ' 
through the medium of change gears in train F at the ouI*r end, connect- 
ing with the right-hand end of Ihe short driving shaft (1. It is ohvioua 
that by the series of change gears suitable spindle speeds for threading 1 
may always ljf nbtaiiicd. An important feature in this spindle-driving 
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mechanism is a positive type of clutch (operated by an arm at the rear) 
for connecting the spindles with either the left-hand turning or right- 
hand threading motion. 

THE CAM-SHAFT DRIVE 

The cam shaft is also driven from short shaft G, Fig, 102. This shaft 
by means of bevel gears H drives shaft / upon which is mounted freely 
pulley J, which may be secured to / by operating lever K and so engag;ing 
the conical clutch with the pulley. This pulley is belted to the pulleys 
below for driving the cam-shaft gearing, the arrangement of which is 
shown clearly in Fig. 103, and when the lever K, Fig. 102, is moved to 
the right the friction clutch in J is disengaged and a brake L applied to 
the pulley, stopping it and the cam shaft instantly. 




Fio. 102. ^ Driving MechaniaiD of Univeraal Automatic Screw Machine 



This is a convenience especially when setting up for a piece of work 
as the feed motion may be started and stopped at will without stopping 
the spindle. 

Of the two pulleys placed side by side as in Fig. 103, on the worm shaft 
for operating the cam-drum shaft, the outer one drives the worm shaft 
direct for rapid traverse of the tools during idle or non-cutting movements, 
while the inner one drives the shaft through change gearing, by which 
the requisite rate of feed is always readily obtainable. The short belt 
is of course automatically shifted from one pulley to the other during 
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the cycle of operations; the shifter lever and dogs for coiitroUing it being J 
pliiinly seen in Figs. 101 ami 103. The outer end of the worm shaft ia ] 
sijuared to receive a crank hiinillc which fiicilitutes hiind operations of the 1 
cam 8hafl. during [lie selliiig-up process. 




THK LOCKING HOLT FOR THE SPINDLE Tl'KIiET 

The turret-locking bolt is shown in Fig. 104 and needs little deecrip- j 
lion. !i8 its genftrn! f'trin and moile of oiieration are indicat«d in this ' 
en^aviug and the half-t«nc, Fig. IIIl. This latter view also shows in 
, cunjuntUon with the front view, I-'ig. 100, the method of operating the 



118 UNIVERSAL MULTIPLE-SPINDLE AUTOMATIC SCREW MACHINE 

three independent cross slides, the arrangement of oil pump and piping, 
and the gearing by which the pump is positively driven from the large 
spindle-driving gear represented at D, Fig. 102. The countershaft is a 
single-speed affair fitted with tight and loose pulleys. 




Fig. 104. — Locking Bolt Detail 

This machine is known as the No. 3 and takes work up to IJ inches 
in diameter, feeds lengths up to 6 inches, and machines a maximum length 
of 5 inches. Two smaller sizes take work | and J inch diameter respec- 
tively. 



CHAPTER XIII 

The Oridley MuLTiPLE-SnxDLE Automatic TrnRET Lathe 

In the accompanying engravings is iiluatrat.ed the Gridley multiple-" 
spiiulle automatic turret lathe built by the Windsor Machine Company. 
The single- spindle automatic built by this concern is illustrated in Chapter 
VII. 

The four-spindle machine forming the subject of the present chaptc 
is well illustrated by the general views, Figs. 105, 106. and 107; its coo"* 




ri.llcy Miiltiplc-Spiriiili 



struction will be understood by referring to these half-tones and to the 
details presented in the line drawings. Like the single-spindle machine 
referred to, this automatic has a four-sided ulide for carrying the " tui^ 
ret" tools; the loul slide in this case, however, is not rotated to bring 
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the tools one iifter another into position for the successive cuts, as the 
four spiiidlen themselves are carried in a cylinder that is indexed step by 
step to bring each spindle successively into position for the bars of stock 
to l)e operated upon by the various tools. 

All of the tools held by the tool slide are fetl forward together, one tool 
rough-turning the bar in one spindle, another tool taking a finishing chip 
on the piece held in the next spindle, a die threading the piece in the 
next spindle, and the finished piece being cut off and a new length of 




stock fed throu;;)! the chuck at the fourth position of the spindle, or such 
other ojjerations iM'iiig )3prf()rnied as the piece nuiy n'(|uire. As all of 
these operations are performed simultaneously, it will he w-en that the 
time to make a completely linished piece and cut it oft will be only the 
time required to ))(>rrorm the longest o{)eration plus the time re(juire<l to 
return the tool slide, revolve the spindle cylinder, and move the tools 
back to their cutting position. 



THE Si'INDLE AND TIIOL SLIDE 



The spindles, thoir carrying cylinder, and the tool slide arc shown in 
Fig. 107 removeil biHlily fn)m the machine; this half-tone reveals also a 
number of other interesting features of construction. A horizontal sec- 
tion through one of the spindles is given in Fig. 108, and it will be noticed 
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hat the spitidle takes & long, straight bearing in a lumen-brnnze Rieevft 
which admits of leudy renewal as a whole in the event of suffitient wear 

the four spindles are located is extended, as i-epreMcnted in Fig. 105, to 
orm a long bearing for the tool slide, this feature of mounting spindlea 
and tool slide on the same member having been adopted in conjunction 
with the feature of large bearing areas to insure permanent alincment of 
spindles and tools. The bearings of the spindle-carrying cylinder are 
on the large diameters .4 and li. Fig. 107. In the event of any wear taking 
place between these surfaces at either end and the bearings formed it) 
:he muin frame of the machine, the alincment of spinfUes and tool slide 
need not l>p ufTcctrd. !is both will ^ini|>ly iiiuve togpther. 


1 
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fia. 107. — Criiili-y Multi|>li-Siiiii.ll.- Auinnudir Tiirrrl Li.Uic «illi Spiudles anti Too 

In addition to the features just described, Figs. lOS and 107 show 
clearly the method of preventing the tool elide from rotating, the arrange- 
ment consisting of an arm attached to the tool slide and machined at 
the outer end lo fit a longitudinal guide bar located as represented a\ 
the top of the machine. 

The spindles h.ive the usual collets and stork-feed device, and are 
driven by the pulley shown at the right-hand end of the machine in Fig^ 


1 
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105. This pulley is keyed to one end of a driving shaft running through 
the center of the spindle- carrying cylinder as in Fig. 108, and carrying 
on its other end a gear meshing with a gear keyed on each of the spindles 
at the rear end of the bearing. The spindles are run constantly in one 
direction without stopping or reversing for the purpose of threading, 
that operation being taken care of by the threading mechanism to be 
referred to later. 




Fra. 108. — Spindle Construction 



OPERATION OF THE TOOL 8UDE 



The cam shaft C, Figs. 107 and 109, carries the cams for operating 
the tool slide and the forming and cutting-off tools; the cams for operat- 
ing the chuck and feeding the stock; and the mechanism for revolving 
the cyhnder. It is driven at two speeds, one of which is comparatively 
slow for use during the time the tools are cutting, the other a high speed, 
for returning the tool slide and revolving the spindle cylinder. During 
the slow movement (while the tools are cutting) it is driven by a worm D, 
Fig. 109, on the spindle-driving shaft, through the change-gear box E, 
worm shaft F and worm gear G keyed on cam shaft C. When the tools 
have finished cutting, the loose pulley H, which runs at a constant speed, 
is clutched to the worm shaft F. The drawing shows a toothed clutch 
for this connection, but a friction is now used instead. This method of 
driving the cam shaft ^vcs a quick change feed for the cutting tools and a 
constant maximum speed for what are termed "idle movements," irre- 
spective of the rate of speed during the cutting period. The <}uick-change 
gears in the feed box E are controlled by two handles, the lower one / 
having three locations, correspoDdiDg to the feed cam used, there being 
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three of these cams furnished, one for work not over 2 inches long, one 
for work between 2 and 4 inches and the other for work ranging between 
4 and 6 inches in length. Although the 6-inch cam can be used for the 
shortest work, there is of course an appreciable loss of time in moving 
the tool elide its full travel when working short pieces. When the lower 




Fio. 109. — Feed-Driving Mechanism 



handle is in the position corresponding to the feed cam which is being used, 
the upper handle J can be placed in any one of the six positions to 
give the feed desired, the figures 75, 100,125, 150, 175 and 200 represent- 
ing the revolutions of the spindle to one inch of travel of the tool slide. 

TUHNINC AND THREADING APPARATUS 

The form of tool slide allows a turning tool to be used identical with 
that employed on the Gridley single-spindle automatic turret lathe. 
The tool slide has suilicient room to allow of one t{>ol being placed back 
of another. 

As the spindles are driven constantly in one direction, as stated above, 
and in order that a high cutting speed for the turning toots and a low 
cutting speed for the die can be used, it is necessary to rotate the die 
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at a speed slightly less than the speed of the spindle while threading, 
and at a higher speed when running the die off the piece. This is accom- 
plished by means of two gears on the spindle-driving shaft, these gears 
meshing with two loose gears on the threading shaft, which in Figs. 105 
and 106 is shown immediately above and to the rear of the tool slide. 
These gears are of such ratio that when one of them is clutched to the 
die shaft it will rotate the die at a speed slightly less than that of the 
spindle; when the other gear is clutched to the shaft, the die will rotate 
at a higher speed so as to run off. When a left-hand thread is being 
cut, the die rotates faster than the spindle during the threading opera- 
tion and slower when running off. 




Fig. 1 10. — Cylinder Revolving aod Locking Mccbanit 



THE INnEXINC MECHANISM 

The mechanism for revolving the spindle cylinder is illustrated by 
Fig, 110, which also shows the method of operating the locking bolt. 
Arm K mounted on the cam shaft carries a cam L for withdrawing the 
locking bolt M and has at its inner end a roll which at each revolution 
of the arm enters the channel in the face of the cylinder flange and rotates 
the cylinder one quarter turn, the locking bolt then dropping back into 
the next notch. The various sections show the cylinder just before the 
rotary movement commences and just after it has taken place, the lock- 
ing bolt being shown in place in one view and withdrawn in another. 
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Further explanation of the mechanism is unnecessary as the drawings 
illustrate the scheme fully. It may be stated, however, that the index 
notches for the lock bolt are formed in tool-steel shoes, secured in rect- 
angular pockets in the periphery of the cylinder. 

The machine illustrated has a capacity for IJ-iach round stock, 1-inch 
hexagon, and f-inch square stock. 



CHAPTER XIV 

The Cleveland Automatic Machine with Magazine Feed 

Thk magazine attachment for onabliiig the Cleveland automatic 
turret machine to handle small castings and Unginpn requiring oi)ora- 
tioHH on one or both enils is represented in Fig- 111, which illustrates 
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the appliance in working {Ktsition. The nitachment is made in two 
forms, the older nwidel Iwing placed on the rear of the cross slide and disr- 
ated by a cam on the regular cam shaft engaging with le\-ers at the rear 
of the magazine. The later design or tilting magazine, as illustratetl, is 
mounted on a shaft held horizontally by two upright brackets fastened to 
120 
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arms on the bed of the miichine, and is tilted in front of the turret when 
the conveyor or transfer device is ui position to tiike a piece out to lie 
chucked; it is then tilted back avoiding interference with tools in the 
turret or on the cross slide. It is operated in the same manner as the 
older model. The conveyor is held in one of the tool holes of the tur- j 
ret. It grips the part in the magazine at the proper moment and carries I 
it in line with the spindle, where the work is chucked, machined, and 
ejected to make way for the next piece removed from the magazine. 




Fig. 112 shows a method of handling, in the magazine uf a large Cleve- | 
land machine, a piston for automobiles. The piston is about 5i incfiei 
diameter ami 6 inches long. The engraving illustrates plainly the turning j 
tool fiistened to the face of the turret. This tool takes a roughing cut on ^ 
the outside of the piston and, as the turret revolves, it brings the tool on I 
the opposite side in contact and takes s finishing cut. The conveyor , 
is made with blades fastened to a holder in the turret. The short tool ' 
shown above it is for boring out an«l chamfering the end of the piston, 
preparing it for the grinding operation. The tools on the cross slide in I 
front rough out the ring grooves and the clearance in the center, and ] 
face down the end; the tool on the slide at the rear finishes the ring. 



CHAPTER XV 

The Alfred Herbert Magazine Automatic Screw Machine 

In Fig. 113 is illustrated an automatic magazine screw machine built 
by Alfred Herbert, Ltd., for handling castings. The castings shown are 




SPINDLE AND CHUCK 



129 



used for electric cable connections. The machine is illustrated with the 
magazine full, ready for work and with a finished piece in the chuck, and 
upon the turret slide will be seen several sizes and types of castings for 
which the machine is fitted up. 



SPINDLE AND CHUCK 



Fig 114 shows the spmdle and chucking mechanism and Fig 115 
the construction of the magazine fhe chuck is of the three-jaw type 
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I'la. 114. — Spindle anil Chuck 



and operates against a stiff steel spring in the spindle, thus allowing for 
variations in the rough castings. The jaws are provided with liners to suit 
different sizes, these liners being readily changed. The manner in which 




Fia. 115. — The Magazine 

the chuck is opened and closed is clearly shown in the drawing and needa 
no explanation. The rod at the center of the spindle ejects the work 
when it is completed. 
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MAGAZINE FOR SHELLS 

The manner in which the work is fed from the magazine into the chuck 
is more clearly seen in Figs. 116, 117, and 118. In this case the machine 
is shown fitted up for one-pounder shells for quick-firing guns. Although 
the work is of a somewhat different nature from that in the machine in 
Fig. 113, the magazines are practically alike. The shells, which are made 
from a high grade of cast steel, have been bored out straight, formed out- 
side and cut off in a previous operation in another machine, and the 
function of the machine here shown is to chamber out the interior of the 
shell and thread the hole. The spindle carries a draw-back chuck, and 
in this chuck is a bushing which forms a stop for the shells and also admits 
the end of the ejector. 

THE SHELL FEED 

The upper trough of the magazine is kept filled with shells which are 
fed forward periodically by means of the long bar carrying the small 
adjustable pawls shown immediately above the trough, the feed bar being 
moved by a lever operated by a cam on the drum below. From the 
trough the shells are fed one at a time into a rotating carrier attached 
to a rising and falling slide. In P'ig. 116 a shell has just been fed into 
the carrier. After the shell already being operated upon has been com- 
pleted it is ejected. The carrier then descends to the position shown by 
Fig. 117, where the next shell is just about to enter the chuck. It is 
pushed into the chuck by means of a plunger in the carrier, this plunger 
being moved by a spring plunger in the turret. At the same time another 
small plunger is pushed in by an adjustable projection on the turret and 
releases the carrier, which turns over under the action of a flat spring like 
a clock spring, and assumes the position shown in Fig. 118. In this view 
the shell is chucked and ready for machining. 

The carrier is now raised to its original position in Fig. 116, and on 
its way up is turned over to its proper position by means of a rack which 
engages with a gear ring on the carrier hub. 

THE CARRIER MECHANISM 

The carrier mechanism is shown in Fig. 119, in which A is the carrier 
proper and B the gear ring, which is a free fit upon the hub. At C this 
hub is provided with a series of ratchet teeth which engage with a pawl D 
upon the gear ring. £ is a small plunger carrying a tooth F which en- 
gages with clutch teeth at the back of the carrier and holds it in the position 
shown, against the action of the clock spring G. It will be seen from 
this drawing that when the carrier descends, the gear ring will rotate 
freely upon the carrier without turning it, the pawl 'slipping over the 
ratchet teeth. When the carrier rises, however, after having been turned 
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over by the clock spring, on the release of the plunger E, the rack on the 
magazine rotating the gear wheel transfers this motion through the pawl 
to the carrier and thus rotates it back into its original position. 




Fio. 110. — Rotating Carrier 



OPERATION OP THE CARRIER 

The lever for moving the vertical sliJe in which the carrier is mounted, 
is clamped on a square shaft shown at the back of the attachment. This 
shaft is rocked by a short lever which is connected by an adjustable rod 
with the cam lever hung below in the frame of the machine. This lower 
lever, being moved by a cam, ha.s a fixed stroke; but by adjusting the nuts 
on the connecting rod, the position of the slide — when the cam lever 
roll is on the highest point of the cam - — may be varied to bring the carrier 
into correct atinement with the work on the magazine. On the downward 
movement the elide is stoppe<t, with the work in line with the chuck, by 
means of an adjustable stop collar plac'ed on one of the vertical rods. 
This adjustment at top and bottom is very important, as the position 
of the carrier must vary with the diameter of the work. In addition to 
the vertical adjustment, the magazine has an adjustment endwise to and 
from the chuck. 

ADVANTAGE OF THE MAGAZINE 

This type of magazine has been used by the firm for chucking all 
kinds of pieces where the length is greater than the diameter, one of its 
advantages being that the same form of trough can be used for a great 
variety of work. In cases where the pieces will not lie in the trough in 
such a position that they can be easily chucked, small shoes are made 
to carry them. These shoes hold the pieces level until they are chucked 
and then drop off into the tray. The^ can afterwards be collected and 
used over again. 



CUTTING THE CHAMBER 



THE CHAMBERING TOOIS 

In forming the chamber in the steel shells three turret tools are used, 
each tool being adjusted to do its share of the work. The construction 
of the tools is shown in Fig. 120. The body A, provided with a shank 
fitting the turret hole, is cut out dovetailed at the bottom to receive a 
slide B. On this slide is secured a former C, which is shaped to suit the 




Fia. 120. — Tool for Forming Chamber in Shell 

chamber in the shell. A long spring D holds the slide back in place on 
the body A. The cross slide E, fitted to the top of A, carries the tool 
bar F, this bar being provided with a hole for admitting oil to lubricate 
the tool and wash out the chips. In the cross slide is a screw G carrying 
a shoe H, which is held against the former C by means of the spring J. 
By turning the screw G the tool can be adjusted to the cut. 

CUTTING THE CHAMBER 

The tool ia run in to the bottom of the hole and cuts on the return. 
When the turret moves up, carrying the tool into the shell, a spring plunger 
K, fitted in a holder secured to the front end of the turret-slide block, 
B with a tooth L on the bottom of the former slide B. The elide 
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is thus kept from moving when the turret is drawn back. The former 
being held in position, the shoe H, as it slides along, moves the cross slide 
Ej and the cutting tool forms the chamber in the shell. 

When the shoe reaches the back of the former it snaps over the end, 
the spring returning the cross slide to its central position, so that the 
cutting tool — as it is withdrawn by the turret — will clear in the smaller 
hole in the outer end of the shell. When the turret rotates, a pin M in a 
spring plunger A' in the back of the body A, strikes a steel plate behind 
the turret and forces the plunger ahead. This plunger is milled out at 
P and in the notch rests a pin Q carried in the bottom of the cross 
slide E, When the plunger is forced ahead by the plate the inclined 
surface at P moves the pin Q and slide E, The shoe H thus being with- 
drawn from behind the former C, the slide B is forced back by the spring 
D into its original position in the holder. 

THE TAP HOLDER 

The tap for the hole at the back of the shell is carried in a self-releas- 
ing holder shown in place in Fig. 1 16. The teeth on this holder disengage 
when the tap has reached the required depth. When the spindle reverses, 
a spring pin in the holder engages with a ratchet on the shank of the 
socket, holding it stationary while the tap is withdrawn. The holder 
is carried in a socket provided with a spring which gives the pressure 
necessary for starting the thread when the tap is brought up to the work. 



CHAPTER XVI 
The Potter & Johnston Automatic Chucking a 



) Turning MacSia 



The " niiinufacturing automalics" made by Potter & Johnston,! 
Pawlucket, R. I., are adapted for handHng castings, forgings, and bai 
stock up to large diameters; all operations after the chucking of the piece I 
being performeil automatically. The machine sizes are 5J x 10 inehi 

1 8\ X 16 inch; iind Ixith are built with triple-geared and direct Iwlt 




& Johnston ManiiFiictiiriiig Autumn 



driven heads and with various ai^es of spindles ranging from a diamet* 
of 3 inche.s with a l^o-inch hole, for operalbig on small work at hig) 
speeds, to 7i inches diameter with ej-inch hole for taking bar stock up! 
to 6 inches and machining heavy castings and forgings. The machine I 
illustrated in Figs. 121 and 122 and known as the SJ x 16 inch model! 
has a spindle diameter of SJ inches, the hole through the spindle having 1 
a diameter of 4J inches. 

THE SPIMDLE DlilVB AND SPEEDS 

As will be seen upon examining the rear view in Fig. 122 the machine 
B driven by a plain pulley mounted on the back shaft which is geared to ■ 
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the spindle. Two rates of speed are obtained through the gearing, the 
spindle revolving always in one direction; right- and leFt-hand tapping, 
however, can be tlone by special arrangement, without reversing. The 
two speed changes are obtainable aut^)matically, thus making it prac- 
ticable to run at a suitable speed for drilling say a small hole and turning 
the hub of a piece, and then drop to a reduced si)ee<l for machining the 
larROr periphery of the work. A set of change gears for the spindle drive 
are provitied for giving the correct speeds for any work within the 
capacity of the niacliinc, the speetis of course being determined prior to 
starting operatiims on the w(»rk. 




The s|)epdM sire cimtrollnl by adjuMtable dogs on the right-hand side 
of the cam disk shown directly undernciith the chuck. The dogs actuate 
at the predetermined moment a horizontal rod coniiectpd t(» the vertical 
clutch levor at the left-hand end of the head and thus cau.ie cither the fast 
or slow speed to Ikj thrown into or out of actitm. Tlic vertical crank 
handle at the front of the head and to the right of the .tpeed-clutch lever 
connects the driving pulley iit the hack of its shaft or releases it, thus 
forming a convenient means of starting and stt)pping the machine without 
interfering with the countershaft. 

THK KEKD MKCnAN'lSM 

Both turret ami cross slides are in)erate<l automatically from the 
nuiin cam sliaft phiced longitudinally of the machine. This shaft Is driven 
from tlie spindle by a Mt leading over the pulleys sliown at the end of 
head and bed. The lower pulley operates through spur gears an epi- 
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cyclic train connected to the cam shaft, and by means of this epicyclic 
gearing and suitable clutches the cam shaft may be given a slow speed 
for the cutting travel of the tools and a rapid velocity for quickly with- 
drawing the tools, indexing the turret and bringing it forward again to 
cutting position. 

The speed changes of the cam shaft are controlled by dogs on the 
opposite side of the disk which carries the spindle-controlling dogs 
referred to above. A dog carried by this disk also stops the feed when 
the work is finished. 

Four rates of feed for cutting operations are provided by a quick 
change gear in the base. Having determined upon the proper feed for 
handling a job, the change-feed gear lever is dropped into the notch 
to correspond with the feed desired. It frequently happens, however, 
that a finer or coarser feed than that originally provided for should be 
used, the operator then simply moving the change-feed gear lever which 
projects through the door at the front of the machine either to the right 
or left, and dropping it into one of the notches which are numbered 
"2-1-3-4." When the handle is placed in the notch bearing no number, 
the feed is thrown out. 

THE TURRET AND CROSS SLIDES 

The turret is five-sided and the slide on which it is mounted is oper- 
ated by the large cam drum on the main shaft. The turret is clamped 
in each position as it indexes around and is thus held rigidly while the 
tools are at work. 

The form of the cam is plainly seen in the two general views. The 
cams in the regular equipment are suited to all ordinary work up to 
9 inches in length and special cams can be used for pieces of unusual 
character. 

The cross slide has front and rear tool posts and the tools may be 
arranged to work at the same time the turret tools are cutting or inde- 
pendently of these tools. The slide is adjustable longitudinally on the 
bed and the cams which operate it are placed at the right-hand end of 
the cam drum for the turret slide where they are readily adjusted from 
the front of the machine. 

Fig. 123 shows the cross-slide cams, the oblique rack which they oper- 
ate and the gear which meshes with the rack and turns the back shaft 
which is in turn connected by a similar gear with a rack under the cross 
slide. This line drawing and the rear view, Fig. 122, show the means of 
operation clearly. 

BACK-FACING BAR 

The automatic back-facing bar through the spindle is an important 
feature. The end of the bar is provided with a taper hole to carry drills, 
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cutters, facing tools, either singly or in combination, and by their use 
a large variety of pieces, such as gears, pulleys, etc., may be finished 
complete at one holding, the back-facing tools finishing the inner end 
of the hub and turning it, while the turret and cross-slide tools are turn- 
ing the periphery, facing down both edges of the rim, the out«r hub, and 
boring the hole. By this arrangement it is possible to have as many as 




Fig. 12.3. — Crosa-Slido Cams and Connecting Mechanism 



«(({ht (tutting tools in simultaneous operation, thus completing the work 
(ixiicilitiiiusly. Where extreme accuracy is required, a double back- 
fru'iiig iiikr with cutters for roughing and finishing chips may be applied. 
Tim urningement of the back-facing bar and the method of operation 

will li» unilcrstood from the illustrations. 



MACHINE WITH LARGER f. 

Tlici engraving, Fig. 124, is presented to illustrate the 8} x 16-inch 
iiirichiiui iM constructed with 7}-inch spindle adapted for receiving bar 
uliKtk up til 6 inches diameter. This view shows in addition to other 
intfiristling details, the centering chuck at the rear end of the head for 
gripping and supporting the stock. 

TOOL EQUIPMENT 

TUo giMierui charact«r of the tools used on this type of machine is 
indicated in Figs. 125 and 126, which show the machine set up for turn- 
ing, boring and facing operations. The combination tools and their 
functiuna will be understood without explanation. Another interesting 
]ub is repreaented in Fig. 127, which illustrates the method of machining 



TOOL EQUIPMENT 




gfts engine pistons and is also self-explanal.ory, A few specimens of tlie 
completed work produced on the machines are shown in Fig. 128, wliieK 
sts the range of diameters faUing within t!ie scope of the machine. 




I'lu. 12j. — Tiiniiiig, lloriritt, uiid I'licing 
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TOOL RECORD 



Figs. 129 to 132 show the four pages of a convenient tool record sheet 
issued by the manufacturers and on which are recorded the tool and 
dog settings, change gears, etc., for a piece after the work has been set 




Fiu. 126. — Turning a Spoked Fly-wheel 



up. At any time afterward the settings may be readily duplicated by 
simply referring to the sheet, the features and advantages of which are 
well brought out in the illustrations. 




Fio. 127. — Machining a Oaa Engine Piston 
MACHINE CAPACITIES, ETC. 

The 81 X 16 inch machine illustrated swings 20 inches over the bed 
and 10 inches over the cross slide. The travel of the cross slide each 
way is 5i inches. The 51 x 10 inch machine swings 17 inches over the bed 
and 10 inches over the cross slide. The gear-driven heads of the type 
shown are operated from a single-speed countershaft driven by a pair of 
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tight and loose pulleys and carrying a plain pulley bclteil to the machine. 
The countershaft for the machines with direct-belte<l head is operatctl 
by three-step cone pulleys. When the machines arc equipped for motor 
drive the motor is mounted on a bracket directly behind the head. 




Either size of mainline with tlie smaller spindles may l)e e<|uip|ie<l 
with a lever chuck which can Ix; ()perateii to ailmit or release work with- 
out stopping the spindle, this lx;ing of especial advantage when machin- 
ing small work from the bar or handling comparatively light castings 
and forgings. 
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CHAPTER XVII 

The Guidley Semi-Altomatic Piston Ring MAniiNE 

Tiirs itiacliino is in general design quite similar t« the (Iriillcy auto- 
matic itinchinc for bar stock described in Chapter VII, It is const ructtnl 
especially for niiikinK from the casting piston rings ready for grinding 
on the edge. The operator secures the casting to the studs in the face 
plate ami the machine then bores the insiilc, turns the outside cccentrif, 
and cuts the ring oft (rcmi the casting automatically. Fig. VXi sliciw.s 




I'lii. VCi. - Criiili-y 
the machine jw a whole; Fig. 1.14 illu: 



Riu|! Murlilii 



ates the niotlmd of holding the 
il>ecial casting to the face [)late and shuvvs the means uf o|)erating the 
tools; fig. l.'JS is a drawing uf the casting from which the piston rings 
are made. 

KCCKSTHH' TrUXINd MECHANISM 

Fig. 136 is a construction drawing of the eccentric turning mechanism. 
Id this engraving A represents the head of the machine carrying the spindle 



ECCENTRIC TURNING MECH.^NISM 




I'm. 134. — Boriup, Turning, oiid Cutting OIT Pi!,loti Uinga 
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B to which is attached the face plate C This face plate carries the gear 
D which meshes with the driving gear E, to which is attached the coupling 
F pinned to the shaft G. This shaft is supported in the slide H by the 
two bushings / and /'. It carries the eccentric J and drives it by the key 
K which is free to move endwise in the keyway in the shaft G. The 
eccentric J is free to revolve in the square block L, and the latter is free 
to move vertically in the guideway in the auxiliary slide M. This 
arrangement gives the slide M a reciprocation for each revolution of the 
spindle; the gears D and E being of even diameter. It will be noticed 
that the construction provides an oil pocket at 0, which keeps the parts 
thoroughly lubricated. The gear E runs free on the bushing X held in 
the frame of the machine by the cap Y. The same bushing X acts as a 
bearing for the back-gear shaft which drives the spindle. 



CHAPTER XVIII 

The New Britain-Prentice Multiple-Spindle Automatic 
Turret Machine 

The multiple-apindle automatic built by the New Britain Machine Co., | 
New Haven, Conn., is shown in tlie accompanying illuKtrntions. ~ " 
machine is liesigneil for performing boring, turning, threading, and other | 
operations on castings, furBiiit^.-;, and siniilur parts, uIj^o on pieces' tliat 




Multiplc-Siiiiidle Autoinutic Turrcl Machine 

have been Hiii^lied on one end in a bar-stork machine. It is especially 
adapted to the handling of such parts as air-brake-valve bodies, couplings 
and nuts, globe valves, grease cups, compression hose and fuller bibbs, 
gage- and ball-cock bodies, valve stems, etc. The machine shown has 
four spindles, these being arranged in tlie numner indicated in Figs. 137J 
&nd 138. Each of the spindles carries a tool for a different operatiooi 
and the work is automatically indexed and fed up to the tools by a 
drum, which will be seen in Fig. i:t7, near the right-hand end of the ^ 
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machine. The work carrier, or turret, consists of a chuck provided with 
five distinct sections or sets of jaws, each pair of jaws except the upper 
one being in line with one of the spindles; the upper section forms the point 
at which the operator feeds the work to the chuck. 




FiQ. 138. — Prentice Multiple-Spindle Automatic Turret Machi 



THE DRIVING MECHANIBU 

The drive for the four spindles and cam drum will be understood 
from the general views. The first spindle — the one in front — is geared, 
as shown, to a shaft driven independently from the counter, while the 
two lower spindles are geared together and driven by the large pulley 
at the end of the head. The threading spindle is provided with friction 
reversing pulleys and back-geared, the ratio in the case of the machine 
illustrated (which is known as the No. 23) being 4 to I, while the lower 
spindles are geared from their driver in a 2.7 to 1 ratio, and the front 
spindle in a ratio of 2 to 1. The cam shaft which feeds the work carrier 
up to the tools is driven from either the third or fourth spindle by change 
gearing extending to a shaft at the rear of the bed, this shaft being con- 
nected with the cam shaft — which extends the full length of the 
machine — by bevel and worm gearing. 



THE FEED 



The feed drum is adapted to receive a cam strip fixed at the required 
angle, this being determined by the length of the longest cut required 
on the piece of work. An adjustable ring on the threaded end of the 
chuck shaft, or turret bar, forms a positive stop for each forward move- 
ment of the work to the tools. This stop collar will be noticed just to 
the rear of the indexing mechanism which brings the work into alinement 
with one spindle after another until completed. The feed clutch may 
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be thrown out of gear and the feed instantly stopped by shifting the 
lever shown near the left-hand end of the machine. The chuck may be 
fed up by hand, when adjusting tools for new work, by turning to the 
left the worm shaft at the end of the bed. 

OPERATION OF THE CHDCK 

The construction of the chuck is shown in Fig. 139. Each section 
forms a two-jaw chuck opened and closed by a right- and left-hand screw, 
and special false jaws are, of course, fitted to hold any shape of piece. 
Aa already stated, the work is placed in the uppermost section of the chuck, 
and the first indexing movement then brings it into line with the tool 
in the first spindle, where the firat operation is performed. In the mean- 
time a second piece of work has been placed in the following section of 
the chuck, which is then in the upper position, and when the first piece 




is brought into line with the second tool, the first tool is operating on the 
second piece; thus each indexing movement presents esich piece of work 
to a different tool and four operations may be carried on simultaneously; 
the operator simply takes out the finished parts and puts in the rough 
work without stopping the machine, and ordinarily can attend to two 
or more machines. While the tools are cutting the chuck is supported 
and relieved of strain by a bracket which slides under the ledge of the 
chuck at the front of the machine. This bracket is visible in Fig. 137, 
and, as there shown, is attached to a lever which automatically draws 
it back out of the way of the chuck before the latter indexes, and then 
moves it to supporting position again before the tools start cutting. A 
taper bushing in the chuck body forms a means of compensating for wear 
between chuck and turret bar, 



INDEXINQ PACE PLATE 



For holding work that has been finished on one end and requires a 
operation, an indexing face plate is used in place of the chuck. 
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Tliir? face plate, as shown in Fip. 140. has five drawback studs or work 
arl)nrs, wliich are threade«i to receive work Iiavins: internal threads, or 
provided with threaded collets for externally threadeil work. After a 
piece of work lias heen screwed on a few turns by hand, a half turn of 
an eccentric stud draws it back tisrht airainst a hardenetl collar. 

The spin* lies *»f this machine are ground and run in bronze bearings, 
the front bearings lx»ing taper, and all but the threading spindle have 
tool holders forgeil S4»lid on the spindle. The frictitms on the threading 
spindle are of an expanding ring tyj)e and controlUnl by a lever contact- 
ing with a tripping disk on the cam shaft. When an automatic ojX'ning 
die or collapsing tap is usetl. the t Invading mechanism is lockeil in the 
forward posit il^n. and the reversing lx*lt removeil. 

TOOL EQLIPMENT 

Fig. 141 illustrates some of the t<H>ls adapted to this machine. The 
one in the up|>er left-hand corner is for cutting external and internal 




I'UJ. ill. — l*ri*iitict' Turri't Machinu Towls 



annular grooves, and consists ni a shank and head with a cross slide and 
cutter moved at right angles l)y two wedges. For internal grooves the 
t(K)l is carried at the center of tlie slide. A spring-actuated hmI returns 
the .slide a.s soon as the pressure on the work is removed. The tool at 
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the right is a hollow mill which automatically opens upon the completion 
of the cut. The three tools in the second row are tap and die holders, 
the middle one being a combination floating affair for cutting external 
and internal threads at the same time. The tap holder proper slides 
on two studs in the threading spindle, and the die holder on two studs 
in the tap holder, thus allowing a tap and die of different pitch to be 
used together. Both types of tap and die holders shown are arranged 
to be led on the work by feed mechanism. An automatic opening die 
is shown in the lower left-hand corner, and at the right are a pair of 
adjustable roughing and finishing turning tools. Among other tools 
used are boring and turning tools, counterbores, etc., made of flat bar 
stock dressed on the grinder and inserted in holders. 

UNDERCUTTING TOOLS 

Some details of the tools for cutting external and internal grooves of 
any desired form are presented in Figs. 142 to 149 inclusive. The tool. 
Fig. 142, is placed in one of the spindles of the machine and operated 
by an angular wedge and cross-slide mechanism, the wedges being made 
with the proper angle to give fast or slow cross motion to the cutter 
head. For external cuts, a ball-bearing pilot receives the thrust of the 
piece of work as the chuck is fed up to the tools, and this pressure forces 
the cutter head back on the wedges and draws the cutter down into the 
work. When the advance of the work ceases, and the chuck starts to 
back off, the spring in the hollow spindle forces the cutter head out on 
the wedges and the tool is drawn out of the work. For cutting internal 
grooves, the cutter is placed on the opposite side of the head from where 
placed for external work, and the same taper wedges are used for both 
forms of cutting. 

INTERNAL OPERATION 

Fig. 143 shows the shape of the wedges. Fig. 144 the ball-bearing pilot. 
In Fig. 145, neck a is- an external cut made with this tool. For internal 
cutting a circular or single-point tool is mounted on a special head used 
in place of the cutter head shown in Fig. 142. Fig. 146 is the cutter used 
for the inside groove b in Fig. 145. Fig. 147 is the cutter used for simul^ 
taneously forming the two inside grooves c d in the work. Fig. 148. On 
this work the cross motion of the cutter head does not begin until the 
cutter has entered the work and the face of the work comes in contact 
with the steel-thrust washer mounted on the cutter head. 

ROTARY CUT-OFF 

There are certain classes of work, such as valve, gage, and compression- 
bibb spindles, which are cast with a chucking lug, from which the finished 
piece is severed after all the operations are performed. For this work 



152 PRENTICE MULTIPLE-SPINDLE AUTOMATIC TURRET MACHINE 




Undercutting Tools for Timet Machine 
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a rotary cut-off tool is mounted in place of one of the regular spindles of 
the machine. As the tool must traverse a considerable length over the 
finished surface of the work to bring the cutting-off tool to the point of 
operation, the cutter head is fed out by means of the rear lever and cam 
as shown in Fig. 149. The advance of the chuck brings the work in con- 
tact with the ball-bearing pilot in the cutter head, and at the same time 
the forward lever and cam feed the cutt«r into the work, the feed being 
accelerated by means of the angle of the cam as the tool enters the work. 
When the operation is completed a return cam on the forward drum shifts 
the lever and withdraws the cutter from the work, and a similar cam 
shifts the rear lever and the tool is drawn back ready for the next opera- 
tion. 

COUNTERSHAFT, MACHINE SIZES, ETC. 

The arrangement of the countershaft and driving belts is represented 
in Fig. 150. 

The machine illustrated will turn a length of 5 inches and swing 5 




Fig. 150. — CounUrahaft and Drive for Prentice Automatic Turret Machine 



inchefl outside of the chuck jaws. The false jaws open 31 inches. The 
threading spindle receives shanks l\i inches diameter by 4} inches 
long, and the other spindles have H ^ 3-inch boles. The threading 
capacity is up to j-inch pipe or 1^ inches straight. There are three other 
ciiQB, the largest swingmg 7 incbee outside of chuck jaws, turning a length 
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(if 7 inches, and having a threading capacity for pipe up to 2 inches and 
straight work up to 4 inches diameter. 

DOIHLE-HEAD MULTIPLE-SPINDLE TURHET MACHINE 

As will be seen by referiing to Fig. 151 this machine is built on very 
similai' lines to the single-end machine by the same company, but is double- 
endeti and, therefore, performs boring, facing, drilling, turning, threailing, 
and other operations on both ends of a piece at one setting in the chuck. 
The standai'd machine has thi-ee spindles in each end, between which is 
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a chuck having four secti<ms or sets of chuck jaws. The spindles, carrj'- 
ing the tools, arc in line with the different sections of the chuck, except 
the upper .section, where the operator removes finished work and inserts 
an unlinisheil piece while the machine operates constantly on a piece of 
work in each of the other section.? of the chuck. 

SPINDLE Ol'EllATION 

The spindles i-evolve an<l are ftnl up to the work by means of yoke 
and lever connections with cams on drums inside of the bed, the cam 
shaft extcndinfj the entire length of the machine. The forward-feed 
cams are set at the proper angle to give the rcquii-ed advance or cutting 
feed to the tools on the work, and the reverse cams draw the tools back 
from the work when the operations arc completed. While the tools are 
backing off, the chuck is automatically indexing so that each piece of 
work is brought in line with the spindles which perform the succeeding 
operations. 

The movements of the machine are timed so that the indexing occun 
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as soon as the longest single operation on any piece of work is completed. 
All the shorter operations are completed within this time, hence the 
time of finishing a piece of work on both ends is the time necessary for 
the longest single operation plus a few seconds taken in the indexing of 
the chuck and the advancing of the tools. 

THREADING MECHANISM 

As the chuck indexes toward the front of the machine, the first or 
roughing spindles are at the front, and the finishing and threading spindles 
follow. The threading mechanism consists of a sliding tap or die holder 
with a fork lever connecting with a cam to start the lead of the thread. 
The driving mechanism consists of forward and reverse friction pulleys 
with expanding rings. The tap is driven the required number of turns 
into the work, then the reverse is automatically engaged and the tap with- 
drawn. 

The proper cutting feed for different kinds of metal is obtained by 
change gears, a worm and worm gear connecting with the main feed 
shaft on which all cam drums are placed. The spindles are back-geared 
and have ample driving power for work within the rated capacity of the 
machine. 

GENERAL DATA 

Three sizes of the six-spindle machines are built: One for light work, 
one with capacity for |-inch pipe size threads and smaller, and one for 
2-inch down to J-inch pipe threads. The same design of machine is also 
built with four spindles in each head and a five-section chuck, the three 
sizes of this design corresponding in threading capacity with the three 
six-spindle machines. The eight-spindle type is adapted especially to 
handling bicycle hubs and gas and electric fixture work. All these ma- 
chines have the same chuck-steadying bracket as the single-head machine 
illustrated. 



SECTION II 

SCREW MACHINE TOOLS 

METHODS OF MAKING AND USING THEM 



CHAPTER XIX 
Points In Setting up and Operating Automatic Screw Machines 

In the following pages a few general suggestions are given which may 
be of interest to operators before considering in detail the different types 
of tools, determination of speeds, feeds, etc., treated fully in Chapters XX 
to XXVII. 

It should be borne in mind that the automatic screw machine neces- 
sarily has more complicated mechanism than a hand-operated machine, 
as many movements must be performed automatically, which in the hand 
type of machines are accomplished by the operator. The automatic 
machines must, therefore, have the more careful attention in setting up 
for turning out work. When, however, the machines are properly adjusted, 
very little attention over that required on a hand machine is needed, 
although the use of dull tools must be particularly guarded against. The 
machines must be carefully erected and leveled up so as to avoid poor 
alinement between head spindle and turret, etc. 

operator's duties 

Ordinarily a workman will readily attend to six machines and on very 
simple straightforward work may economically look out for more. He 
should become thoroughly familiar with the machine operations and 
adjustments before putting in tools or starting up, and it is generally well 
first to operate the machine by hand before putting on power. 

Assuming that a new piece of work is to be produced on an automatic 
screw machine, it is well to consider first the various ways in which the 
work may be machined, and to give due consideration to the tool equip- 
ment available and to the quantity of pieces to be made, and then decide 
upon a satisfactory method. 

TOOLS AND COLLETS 

The making of special tools and the changing of the camming of the 
machine (if any) must then be attended to. All tools and holders must 
be made accurately to give correct results, and in addition it is always 
advisable to check the first few pieces produced, by gages or otherwise, 
to see that the pieces are of the correct dimensions. The collet should 
grasp the rod the entire length of the bearing surface, and have a tendency 

159 
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to bite harder on the front end than at the rear. This affords rigidity 
to the work when a cross-forming operation is being performed. The 
front end of the collet should likewise have a good bearing in its seat. 
The collet when closed must firmly grip the rod so as to prevent any 
slipping under the action of the cutting tools. 

HANDLING MATERIAL 

The feeding chuck must have sufficient grip to feed the rod accurately 
without undue marring of the material upon its return stroke. It is gen- 
erally considered well to straighten the bars of stock if they are bent, and 
also to gage them for diameter and to stack them into separate bundles 
if there is an appreciable variation which would cause difficulty when 
machining, and afterwards to make adjustment of the collets, etc., to 
suit the various sizes as worked up. 

Where different qualities of steel are being used, extreme care must 
be taken to prevent mixing in a hard tool steel bar with the soft steel 
stock from which the work is supposed to be made; as the speed of the 
spindle and the feed may be such as to ruin expensive tools. 

TOOL AND OTHER ADJUSTMENTS 

It is, of course, obvious that the lubricating pump should be known 
to be properly working and all cutting tools properly set with regard to 
the work and their cutting edges properly ground in order to get good 
results. 

The head spindle bearings must be adjusted so as to permit running 
of the spindle at satisfactory speed without unreasonable freedom — else 
trouble will arise from this source. The cross slide, turret and turret- 
slide bearings must also be carefully adjusted and kept in good condition.- 

The selection of the proper spindle speeds for various jobs, as well 
as the determining of satisfactory feeds should be considered carefully. 
In the next chapter are tables which should be helpful in this connection. 

PRODUCTION 

The rate of production is dependent not only on the rate of feed and 
spindle speed, but also on the tool equipment. The production of threaded 
work especially is facilitated by employing tools so designed as to take 
advantage of two speeds and to cut when the spindle is reversed. 

The camming should be such as to permit the performing of several 
operations simultaneously, such as drilling from the turret and forming 
from the cross slide. 

MANIPULATION OP TOOLS 

When changing the tool equipment from one piece to another the seat 
in the head spindle for the collet must be thoroughly cleaned as well as 
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the collet, so as to avoid eccentricity in the operation of the rod due to 
foreign matter, when the stock is grasped by the collet. 

It is well before dismantling tools to make a model on the automatic 
screw machine for convenience in setting up in the future. This model 
should be complete in all respects, but should not be fully cut off to its 
usual length, but should be left intact, with sufficient length of the bar to 
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Fig. 152. — "'Setting Up" Models for the 
Screw Machine 

permit grasping by the collet allowing the model to be the proper working 
distance from the end of the spindle. The illustration in Fig. 152 shows 
two models with the piece of stock by which they are held when setting 
up for the production of similar work. 

BELTS, OILING, ETC. 

It is recommended that belts without rivets be used for the spindle 
drive as they run smoothly at high speed. Traced wire also makes a 
smoother running belt than where leather lacing or hooks are used for 
coupling the ends together. On machines where the belts are shifted 
to change a spindle speed or the direction of rotation, double belts will 
be found superior to single belts as the former being of stiflfer cross section 
may be more quickly moved and the results desired more quickly obtained. 

The workmen in charge of machines should be instructed to lubricate 
all bearings frequently with good machinery oil and should be thoroughly 
familiar with the location of each hole and its function. Too much atten- 
tion cannot be given to this if satisfactory continuous service is to be 
expected from an automatic screw machine. 

The chapters that follow in this section describe in detail various 
classes of tools for screw machines and illustrate methods of making and 
using them. It is hoped that the information contained therein, with 
the chapters on camming and illustrations of tools in Section 1, may be 
of special interest and service to toolmakers, draftsmen and operators. 



CHAPTER XX 
Speeds and Feeds for Screw Machine Work 

The ordinary class of screw machine tools, suitable speeds and feeds 
for which have to be determined when camming automatics, includes 
the various turning tools such as box tools (adjustable and non-adjustable), 
hollow mills, drills, reamers, counterbores, taps and dies, forming and 
cutting-oflf tools. The accompanying tables of speed and feeds for differ- 
ent types of tools used on materials commonly worked in the automatic 
have been compiled from data accumulated and thoroughly tested during 
extended experience in this class of work and have proved of value in 
the screw machine department, not only in connection with the handling 
of automatics, but also, to a considerable extent, on hand machines, 
although, naturally, the matter of feeds on the latter class of apparatus 
is largely regulated by the personal equation; the question of spindle 
speeds, however, is quit« as important and as readily settled for hand 
machines as for automatics. 

It is of course, impossible, where a series of tools is used on an auto- 
matic machine providing say two rates of speed for the spindle for any 
given job, to select speeds theoretically correct for each and every tool 
carried by the turret and cross slide. A compromise is necessary and 
therefore speeds are selected which will fall within the range suitable 
for the different tools; in determining these surface speeds and the rates 
at which to drive the spindle to approximate closely the desired surface 
velocities, the tables should be found of service. 

speeds and feeds for turning 

Tables 15 and 16 cover turning speeds and feeds for bright-drawn 
stock (screw stock) and brass, with various depths of chip (that is, stock 
removed on a side) from ^ inch up to | inch. These feeds and speeds 
and depths of cut are figured more especially for such tools as roughing 
boxes where the cut, though frequently heavy, is taken by a single cutting 
edge, the work being well supported behind the cutter during the opera* 
tion. Table 17 covers the same range of steel work as Table 15, but is 
laid out for hollow-mill operations; it will be noticed that, the cut being 
divided with this tool among three or more cutting edges, coarser rates 
of feed are provided for than with the box tool. With both daases of 
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CUTTING SPEEDS AND FEEDS FOR SCREW STOCK 
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70 


1426 


.008 


H 


60 


611 


.004 


34 


56 


420 


U)06 


H 


70 


1060 


.004 


H 


60 


456 


.006 


k 


56 


280 


.006 


H 


70 


718 


M» 


}i 


56 


280 


.006 


1 


60 


191 


jxn 


H 


60 


468 


M» 


1 


56 


210 


Mfr 


Ik 


60 


162 


JXtt 


fi 


00 


806 


jxn 


Ik 


56 


168 


jxn 


IH 


45 


114 


jxn 


1 


00 


229 


M» 


IV 


60 


127 


.008 


Ik 


45 


98 


.007 


Ik 


00 


183 


M» 


11^ 


60 


109 


.008 


2 


40 


76 


.008 


IH 


60 


127 


M» 


2 


45 


86 


0)09 


2ii 


40 


68 


.008 


1% 


60 


100 


U)10 


2Ai 


45 


76 


.009 


2H 


40 


61 


U)08 


2 


60 


86 


MO 


234 


45 


68 


.009 


8 


40 


61 


JX» 


2M 


60 


86 


jaio 


8 


45 


67 


.009 


W 


40 


44 


M» 


^ Inch Chip 


li Inch Chip 


h Inch Chip 


DU. 

of 

Stock 


Feet 

Suzfaoe 

Speed 


Bev. 
per 

Mln. 


Feed 
per 
Bev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 

Min. 


Feed 
per 
Bev. 


DU. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 

Min. 


Feed 
per 

Bev. 


H 


60 


882 


xm 


k 


60 


254 


Mi 


Ik 


46 


187 


M» 


\ 


60 


264 


.006 


1 


60 


191 


U)06 


IH 


45 


114 


.006 


1 


60 


101 


M» 


Ik 


45 


187 


U)06 


Ik 


46 


98 


.006 


IH 


46 


187 


M» 


IH 


46 


114 


JX» 


2 


40 


76 


jm 


IH 


46 


114 


JOM 


Ik 


46 


08 


.006 


2H 


40 


68 


.606 


ih 


46 


08 


X06 


2 


40 


76 


jm 


2H 


40 


61 


jxn 


2 


40 


76 


.007 


2k 


40 


68 


jxn 


8 


40 


61 


jxn 


2!4 


40 


68 


.007 


fth 


40 


61 


jxn 


8X 


40 


44 


jxn 


2H 


40 


61 


.007 


8 


40 


61 


jxn 


4 


40 


88 


JX» 


8 


40 


61 


.007 


8>4 


40 


44 


jxn 


ik 


40 


84 


M» 



Table 15. — Speeds and Feeds for Screw Machine Work 
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CUTTING SPEEDS AND FEEDS FOR BRASS 


Hi Inch Chip 


1^ Inch Chip 


V Inch Chip 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


fier. 

per 

Min. 


Feed 

per 

Bev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 

Min. 


Feed 

per 

Bev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 

per 

Min. 


Feed 

per 

Bev. 


H 


180 


6600 


jm 


i< 


180 


2748 


4)04 


H 


106 


1080 


.004 


Ki 


180 


8008 


Mi 


h 


180 


1R88 


4)06 


H 


106 


1200 


4)00 


H 


180 


2748 


M» 


H 


180 


1874 


.0006 


\ 


106 


840 


4)07 


H 


180 


1838 


JM 


H 


106 


840 


4)075 


1 


160 


673 


.008 


H 


180 


1874 


.006 


1 


106 


080 


4)086 


\h 


160 


460 


4)00 


\ 


180 


016 


4)10 


lAi 


106 


604 


4)10 


IH 


186 


842 


4)10 


1 


180 


087 


4)11 


IH 


160 


881 


4)12 


1%. 


186 


204 


4)10 


U 


180 


648 


JD12 


m 


160 


827 


4)12 


2 


120 


228 


4)11 


IH 


160 


264 


•014 


2 


186 


268 


.014 


23< 


120 


204 


4)11 


IH 


160 


218 


Mi 


23< 


186 


228 


.014 


2H 


120 


188 


4)18 


2 


160 


190 


X)15 


2H 


186 


204 


4)14 


8 


120 


168 


4)12 


2Ji 


160 


170 


4)16 


.8 


186 


171 


4)14 


an 








Hi Inch Chip 


M Inch Chip 


H Inch Chip 


DU. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 

Min. 


Feed 

per 

Bev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 
Min. 


Feed 

per 

Bev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Bev. 
per 

Min. 


Feed 
per 
Bev. 


H 


160 


1140 


.006 


H 


160 


702 


4)06 


Ik 


136 


411 


4)07 


% 


160 


702 


4)00 


1 


160 


678 


4)00 


IH 


136 


842 


4)08 


1 


160 


«^ 


jm 


1)4 


186 


411 


4)07 


13^ 


136 


204 


4)06 


13< 


186 


411 


.008 


1» 


186 


842 


4)06 


2 


120 


228 


4)00 


\yi 


186 


842 


4)00 


1^ 


186 


204 


4)08 


2iii 


120 


204 


4)00 


w 


186 


204 


4)00 


2 


120 


228 


4)00 


2^ 


120 


188 


4no 


2 


120 


228 


4)10 


2)4 


120 


204 


4)00 


8 


120 


168 


4no 


234 


120 


204 


4)10 


2M 


120 


183 


4)10 


BH 


120 


181 


4no 


2% 


120 


188 


4)10 


8 


120 


163 


.010 


4 


120 


114 


4H0 


8 


120 


168 


4)10 


8H 


120 


181 


4)10 


4H 


120 


loe 


4U0 



Table 16. — Speeds and Feeds for Screw Maclime Work 
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SPEEDS AND FEEDS FOR HOLtOW MILLS. 


SCREW STOCK. 


y„ Inch Chip 


\^ Inch Chip 


k IncliChip 


Dia. 
of 
Stock 


Feet 

Surface 
Speed 


Rev. 
per 

Min. 


Feed 
per 
Rev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Rev. 
per 

Min. 


Feed 
per 
Rev. 


Dia. 

of 

Stock 


Feet 

Surface 

Speed 


Rev. 

per 
Min 


Feed 
per 

Rev. 


H 


80 


2446 


JXf» 


\ 


60 


016 


0)045 


>i 


65 


660 


0)062 


ru 


70 


1426 


J)099 


>i 


60 


611 


0)052 


k 


65 


420 


0)065 


3^ 


70 


1060 


.0062 


yi 


60 


468 


0)005 


k 


65 


280 


jam 


H 


70 


713 


0)065 


X 


65 


280 


jam 


' 1 


60 


191 


0)091 


H 


60 


458 


J0078 


1 


65 


210 


.0091 


Ik 


60 


152 


0)091 


X 


60 


8C5 


JOOOI 


u 


65 


168 


.0091 


Ik 


45 


114 


0)091 


1 


60 


229 


0)104 


Ih 


60 


127 


0)104 


Ik 


45 


.(B 


jam 


I'V 


00 


183 


J0104 


IH 


60 


100 


0)104 


2 


40 


76 


.0104 


IH 


60 


127 


J0117 


2 


45 


80 


0)117 


2k 


40 


68 


0)104 


Vi, 


60 


109 


0)13 


2yi 


45 


7« 


0)117 


2k 


40 


61 


0)104 


2 


60 


06 


0)13 


2H 


45 


68 


0)117 


8 


40 


51 


0)104 


2X 


60 


85 


0)13 


8 


45 


67 


0)117 


Qk 










}i, Inc 


hChip 






k Inch Chip 






k Inc] 


tiChlp 




Dl«. 
of 
Stock 


Feet 

Surface 

Speed 


Rev. 
per 

Min. 


Feed 
per 
Rev. 


J>ia. 

of 

Stock 


Feet 

Surface 

Speed 


Ber. 
per 

Min. 


Feed 

per 

Rev. 


Dia. 
of 
. Stock 


Feet 

Surface 

Speed 


Rev. 
per 

Min. 


Feed 

per 

Rev. 


H 


65 


420 


0)062 


h 


60 


254 


0)062 


W 


45 


137 


0)065 


fi 


65 


280 


0)066 


1 


60 


191 


0)065 


\k 


45 


114 


0)065 


1 


65 


210 


0)065 


u 


45 


137 


0)066 


Ik 


45 


98 


0)065 


IV 


60 


152 


J0078 


IH 


45 


114 


0)078 


2 


40 


76 


0)078 


IH 


60 


127 


0)078 


11^ 


45 


03 


.0078 


2k 


40 


68 


0)078 


i\ 


60 


109 


0)078 


2 


40 


76 


jam 


234 


40 


61 


0)078 


2 


40 


76 


0)001 


2k 


40 


68 


0)001 


3 


40 


51 


jam 


2k 


40 


68 


0)001 


. 2H 


40 


61 


0)001 










tH 


40 


61 


0)001 


3 


40 


51 


.0001 










8 


40 


51 


0)001 



















Table 17. — Speeds and Feeds for Screw Machine Work 
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tools the feeds are, of course, increased as the diameter of the stock 
increases, the peripheral speeds being reduced as the feeds grow coarser 
and the chip greater in depth. 

The speeds and feeds for finishing box tools as used on different mate- 
rials are given in Table 18, the last column indicating the amount of 
stock which, generally speaking, it is advisable to remove in order to pro- 
duce a good surface. 



CTTTTINa SPEEDS AND FEEDS FOR FINISH BOX TOOL 


Finished 
Diameter 
of Work 


Screw Stock 


Brass Bod 


Oast Iron 


Tool Steel 




Feet 

Surface 
Speed 


Bev. 

per 

Min. 


Feed 
per 

Bev. 


Feet 

Surface 

9peed 


Bev. 

per 

Min. 


Feed 

per 

Bev. 


Feet 

Surface 

Speed 


Bev. 

per 

Min. 


Feed 

per 

Bev. 


Feet 

Surface 
Speed 


Bev. 

per 

Min. 


Feed 
per 

BOT. 


8. 


80 


4880 


.UUB 


180 


11000 


sm 








40 


2446 


SXH 


JOOZ 


H 


80 


2446 


.0046 


180 


6600 


4)046 








40 


1222 


JX» 


xxe& 


^ 


70 


1426 


.0066 


180 


8068 


SXXA 


70 


1426 


.0066 


40 


816 


xm 


JXSSH 


H 


66 


866 


sum 


180 


2760 


.0076 


70 


1068 


smh 


86 


681 


JOdi 


jam 


H 


60 


466 


.011 


180 


1876 


.011 


66 


486 


Ml 


86 


207 


JM 


U)06 


X 


60 


806 


U)12 


180 


017 


U)12 


66 


831 


.012 


86 


178 


sm 


.006 


1 


60 


229 


jm 


176 


668 


jm 


00 


229 


U)14 


80 


116 


JX» 


on6R 


IH 


66 


140 


U)14 


170 


483 


.014 


60 


168 


JM 


80 


76 


M» 


JXfl 


2 


60 


86 


SXli 


170 


826 


U)14 


60 


116 


jm 


80 


67 


M» 


jfm 



Table 18. — Speeds and Feeds for Screw Machine Work 



FORMING-TOOL SPEEDS AND FEEDS 

Speeds and feeds for forming tools are given in Table 19, the widths 
covered here ranging from -Ar i'^ch to 2 inches, and the smallest diameter 
of form from IJ inches down to ^ inch. It will be seen that the tool 
about 4 inch wide is adapted to take the coarsest feed, tools from this 
width up to about ^^ (such as are commonly employed for cutting-oflf 
purposes) admitting of heavier crowding, as a rule, than either the nar- 
rower or wuder tools. Thus we see the rate of feed drop oflf as the tool 
narrows to ^ inch, which obviously is too thin a cutting device to admit 
of taking much of a chip, while similarly as the width of form and chip 
increases above about A or i inch the rate of feed must again be dimin- 
ished to give the best results. Naturally, other things being equal, the 
greater the diameter of the section formed, the coarser the feed which 
can be taken economically. This is also indicated by the figures in the 
table. 

DRILUNG AND REAMING DATA 

Drilling speeds and feeds are given in Table 20. While these speeds 
are based on much higher peripheral velocities than drilimakers as a rulo 



DRILLING AND REAMING DATA 
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recommend for general purposes, it should be remembered that conditions 
for drilling in the automatic on the usual run of work are nearly ideal so far 
as lubrication of drill and work, steadiness of feed, etc., are concerned, and 
it is possible under these conditions where the holes drilled as a rule are 



SPEEDS FOR FORMING 


Dla. 

or 
Work 


Screw Stock 


Brass Bod 


Cast Iron 


Tool Steel | 


Feet 

Surface 

Speed 


Bev. 

per 

Mln. 


Feet 

Surface 

Speed 


Bey. 

per 

Mln. 


Feet 

Surface 

Speed 


Bev. 

per 

Mln. 


Feet 

Surface 

Speed 


Bev. 

per 

Mln. 


S 


76 


2282 


200 


6112 










yu 


76 


1628 


200 


4074 










X 


70 


1069 


186 


2827 


76 


1146 


46 


688 


H 


66 


602 


186 


1886 


70 


713 


40 


407 


H 


86 


487 


186 


1414 


70 


686 


40 


806 


X 


eo 


806 


175 


882 


65 


881 


86 


178 


1 


eo 


228 


175 


667 


66 


248 


85 


184 


IH 


eo 


168 


170 


432 


60 


153 


80 


76 


2 


60 


86 


170 


824 


60 


116 


80 


57 




With 

of 
Form 




F£ 


JED8 FOR FORMING TOOLS 










Smallest Diameter of Form. 






y* 


H 


K 


H 


X 


H 


\ 


Vi 


H. 


JXfft 


.0008 


JOOI 


J00i2 


J0O12 


XJ0\2 


J00t2 


J0O12 


H 


X006 


SXX» 


JOOI 


XX)12 


j0016 


jooeo 


0)025 


J0025 


X 




JOixn 


JOOI 


JOOI 


XX)16 


J0O16 


XX)18 


XX)18 


^ 






SXM 


JOOI 


JOOI 


J0O12 


J0O16 


J0O16 


H 






xxm 


JX09 


.001 


.001 


Mlb 


XJOlb 


\ 








J0006 


J0008 


.001 


JOOII 


J0O12 


1 










.0008 


joooe 


Ml 


J0O12 


\H 










J0007 


J0007 


joooe 


XX)11 


2 














jooor 


Ml 



Table 19. — Speeds and Feeds for Screw Machine Work 

comparatively shallow and the drill has ample opportunity for cooling dur- 
ing the operations carried on by the other tools, to maintain speeds that 
would be considered too high to be attempted in general shop practice. 
Table 21 is made up of speed and feed data for reamers. In this table 
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the feed for different classes of material has been considered as constant 
for any given diameter of reamer, although it is conceivable that with 



REAMING FEEDS AND SPEEDS 1 


si 


Feed 

per 

Ber. 


Amount 

to 

Remove 

on 

Dia. 


Rer. per Min. | 


•-* i* 


Feed 

per 

Ber. 


Amount 

to 

Remove 

on. 

Dia. 


Rer. per Min. 1 


Screw 
Stock 

at 
40 Ft. 


Brass 

Rod 

at 

190 Ft. 


Cast 

Iron 

at 

45 Ft. 


Tool 
Steel 

at 
25 Ft. 


11 


Screw 
Stock 

nt 
40 Ft. 


Brass 

Bod 

at 

130 Ft. 


Cost 
Iron 

at 
45 Ft. 


Tool 
Steel 

at 
25 Ft. 


H 


SXA 


i)045 


1222 


8972 


1875 


7(M 


13i 


.018 


4)10 


122 


897 


188 


76 


n. 


.006 


.0045 


815 


2648 


917 


500 


\yi 


.020 


.010 


102 


881 


115 


68 


H 


jxn 


uwe 


en 


1066 


688 


882 


m 


.022 


.010 


87 


284 


98 


54 


H 


4X)66 


U)06 


407 


1324 


458 


254 

• 


2 


.024 


.013 


76 


248 


86 


48 


H 


^106 


.008 


806 


0U8 


814 


191 


2Ai 


4)26 


.018 


68 


220 


76 


42 


H 


^12 


.006 


245 


705 


275 


158 


2X 


.028 


.018 


61 


199 


69 


88 


^ 


U)U 


.008 


204 


668 


229 


127 


2^ 


.080 


4)18 


56 


181 


68 


85 


I 


.Die 


4)10 


168 


407 


172 


05 


8 


4)62 


.018 


51 


166 


67 


82 



Table 21. — Speeds and Feeds for Screw Machine Work 

certain materials, especially on brass alloys, etc., the feed per revolution 
might be increased somewhat, to advantage, over the rates given. These 
feeds have been tabulated, however, as representing highly satisfactory 
practice in reaming the materials listed. 



SPEEDS FOR DIES - STANDARD THREADS. 


Dim. 

of 

Thread 


Screw Stock 


Brass Rod 


Cast IroD 


Tool Steel 


Cast Brass | 


Feet 

Surface 

Speed 


Bev. 

per 

Min. 


Feet 

Surface 

Speed 


Ber. 

per 

Min. 


Feet 

Surface 

Speed 


Bev. 

per 

Min. 


Feet 

Surface 

Speed 


Bev. 

per 

MiA. 


Feet 

Surface 

Speed 


Bov. 

per 

Min. 


H 


40 


1222 


185 


4126 


40 


1222 


26 


764 


120 


ooOD 


\ 


40 


611 


125 


1900 


40 


611 


25 


882 


IIO 


1680 


H 


85 


866 


120 


1222 


86 


866 


20 


204 


100 


1019 


H 


85 


267 


120 


917 


86 


267 


20 


158 


100 


764 


K 


85 


178 


115 


686 


80 


168 


20 


102 


100 


609 


1 


80 


115 


110 


420 


80 


115 


20 


76 


90 


844 


IX 


90 


02 


100 


806 


25 


76 


15 


46 


90 


275 


IH 


90 


76 


90 


229 


25 


64 


15 


88 


90 


229 


2 


25 


48 


85 


102 


20 


88 


15 


29 


90 


172 



Table 22. — Speeds and Feeds for Screw Machine Work 
THREADING, COUNTERBORING, ETC. 

Table 22 explains itself and, while giving speeds for threading work 
with dies, should be of equal value in establishing speeds for tapping. It 
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should be noted that the speeds in this table are proper for high speed 
dies. For carbon steel dies the speeds used should be from 50 to 75 per 
cent of the rates given. 

For feeds for counterbores from | inch to 2 inches diameter, Tables 
15 and 16 for turning may be followed where the counterbores cut to a 
depth from one-half to three-quarters their diameter. Where cutting 
deeper than about one diameter, the feeds should be decreased; in such 
depths it is well to withdraw the counterbore during the cutting opera- 
tion to free it from chips. 

It is not expected that the speeds and feeds laid down in these tables 
will coincide exactly with the ideas of everybody engaged in screw machine 
operations. Conditions as to materials, lubricants, clearances of cutting 
edges, quality of tools, etc., all have an important bearing upon the ques- 
tion of efficient cutting speeds and feeds. It is believed, however, that 
the foregoing information should be of service to a good many readers, 
representing as it does the practice commonly followed by one of the largest 
tool shops with its carbon-steel screw machine tools. 



CHAPTER XXI 
Spring Collets and Feed Chucks 

Spring collets and feed chucks or feed fingers as they are frequently 
called, are the first tools to be considered in connection with screw machine 
work as upon these appliances devolve the operations of feeding the bar of 
material through the spindle and the holding of it while the different 
machining cuts are taken by the various cross-slide and turret tools. 

When manufactured in large quantities the collet blanks are produced 
in the turret machine by the aid of forming tools for machining the ex- 
terior surface and by suitable internal tools of the drill and reamer order 
for finishing the interior to the required dimensions. In making a few 
collets at a time, however, as is generally the practice in the smaller shops, 
a few simple appliances suffice for the satisfactory handling of the work 
during the different operations. 

LATHE OPERATIONS 

The collet blank may first be roughed out in the lathe and the inside 
chucked out and reamed taper from the rear end to leave the walls of the 
collet body of suitable proportions and to allow the collet to be slipped 
onto a taper arbor the rear end of which is fitted to the taper hole in the 
lathe spindle. While mounted on this arbor the outer end of the collet 
is centered and center reamed to allow it to be supported by the tail center, 
and the body may then be turned and bored to correct shape and size 
without removing from the arbor. It is sometimes advantageous to rough 
out two collets on the same piece of stock and then cut apart and mount 
on the taper plug arbor for finishing separately. This method gives a 
longer and handier piece of material to work in the lathe. 

The work is readily removed from the taper arbor on which it is turned, 
by means of a nut on a threaded portion of the arbor body adjacent to 
the taper section. Before taking the chuck blank off from its arbor the 
conical nose should be gaged carefully to make sure that it will fit prop- 
erly in its seat in the screw machine spindle. The hole, bored in the front 
end for the bar material, should be true and straight — especially if grind- 
ing is not to be resorted to after hardening. Of course where absolute 
truth is essential in the running of the collet it is important that the hole 
be ground after hardening with the collet seated in a grinder fixture in 
precisely the same way as it will later be operated in the screw machine. 
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HOLDING WHILE SLITTING 

The taper arbor referred to is of the general form indicated in Fig. 

153, which shows the method also of carrying the work between the 
dividing head and tail center on the milling machine, while the slots 
are being cut to allow the collet to open and close on the material when 
in service. There are numerous methods of mounting collets for this 
slitting operation, but the one indicated is as simple as any and entirely 
satisfactory where collets are put through in small lots and more elaborate 
fixtures are therefore uncalled for. If a small piece of flat stock is cen- 
tered as shown and introduced between the end of the work and the 
foot center of the dividing head, and the center itself flatted on top, suffi- 
cient clearance will be obtained for the slitting saw which is run into the 
work from the front end. 

COLLET INTERIOR 

It is well to shape the interior of the collet about as illustrated in Fig. 

154, the long curve or fillet b at the front end of the chamber where it 
joins the cylindrical hole, forming in conjunction with the fillet at a a 
strong section not likely to break away in the operation of the collet. 
The internal sloping surface at b also facilitates the passing of a fresh 
bar of stock into the collet upon the finishing up of the previous length 
of material. 

PREPARING FOR HARDENING 

Before hardening collets it is common practice to open them somewhat 
to insure their having a given tension after hardening and tempering so 
that they will open and release the stock the instant they are themselves 
freed by the cam-operated chucking mechanism. This opening of the 
collet must be carefully attended to or an eccentric and unsatisfactory 
job will be the result. Sometimes a simple fixture having a cone-pointed 
spindle is used for this purpose, the collet or chuck being held centrally 
while the cone plunger is forced between the chuck jaws sufficiently to 
open them evenly the necessary amount. However, no matter how 
much care is taken in this operation, the effect is lost unless the harden- 
ing is properly attended to, and the only sure way of producing a per- 
fectly true collet with certainty is to grind it as a final operation. 

PREVENTING DISTORTION 

Some toolmakers take the precaution of leaving a thin fin of metal at the 
front end of the collet in each saw slot, as in Fig. 155, in order that when 
hardened there shall be no chance of distortion due to unequal springing 
of the prongs or jaws. This metal tie or bridge at the ends of the jaws is 
readily removed by grinding out with a thin slitting wheel or lap. StiU 
another scheme is illustrated in Fig. 156, which comprises in addition to 
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the thin wall of metal at the front ends of the saw slots, a narrow ring or 
nose adapted to be carried on a grinder center while the collet is ground 
externally. Thus inequalities introduced in the hardening process may be 
rectified by grinding and afterward the superfluous metal at the end of the 
collet nose may be ground oflf leaving the appliance ready for service. 

Another method of preventing trouble in hardening collets is to insert 
a piece of sheet metal (say ^ inch thicker than the slot width) in the 
front ends of the slots and then wire the nose of the chuck tightly so as 
to retain the steel pieces during the hardening operation. The collet 
must be heated uniformly and dipped so as to insure all three prongs 
being cooled simultaneously, otherwise they will be of different lengths 
and twisted, resulting in an untrue collet. With the best of care, a collet 
that is hardened, but not ground afterward, will generally require touching 
up on the conical portion of one or two of the prongs to insure its running 
true. It is not a difficult undertaking, however, to make a chuck run 
true within 0.002 inch by polishing one or two prongs. 

In order that the collet may close parallel, it must be fairly long, and 
the exterior of each prong, or jaw, may be relieved by filing, as in Fig. 
157, so as to insure its bearing along the center. After hardening, the 
collet should be carefully tempered at the ends of the slots to prevent 
breaking at this point. 

FEED CHUCKS 

The feed chucks or feed fingers need no such refinements in their pro- 
duction. They are usually closed after slitting on opposite sides, and 
thus after hardening they will maintain a constant grip upon the stock 
sufficient to feed the bar forward the moment it is released by the chuck. 
The idea is indicated in Fig. 158, which represents a typical feed chuck. 
Ordinarily the hole for the stock should be bored out a little over size, 
otherwise the corners of the feed chuck jaws when drawn back over the 
stock will mar the surface. 

A GRINDING FIXTURE FOR CHUCKS 

A handy grinding appliance for spring collets is shown in Fig. 159, 
this sketch being made from a device in use at the E. Howard Watch 
factory, Waltham, Mass. This particular tool is adapted to receive an 
automatic screw machine collet after it is hardened, and hold it during 
the grinding operation in precisely the same manner in which it will later 
be held in the screw machine when in operation. The quill in which the 
spindle is carried is slipped into a regular quill rest on the bench lathe 
or grinder, and the collet to be ground out is readily inserted and as easily 
removed when the grinding or lapping operation is completed. 

All parts of this fixture, including quill, spindle, rear bearing, cone, 
cap, and adjusting nut, are of steel, hardened, ground and lapped. 



CHAPTER XXII 

Box Tools and Other External Cutting Appliances 

The accompanying engravings, Figs. 160 to 179, illustrate a variety 
of so termed box tools and hollow mills which are used in automatic 
screw machines, and in much the same form in hand machines also. It is 
the purpose of this chapter to point out some of the reasons for different 
designs and to show for what particular cases each type of tool illustrated 
is best adapted. 

GENERAL PRINCIPLES 

Practically all box tools consist primarily of a frame or body which 
is clamped to the turret of the screw machine. The box-tool frame is 
utilized for holding the cutting tools and, usually, a work-supporting 
device commonly known as a back rest. In the frame there is also in 
some instances provision made for holding internal cutting tools such as 
drills, counterbores, etc.; in this latter case outside turning and boring 
may be accomplished simultaneously. The cutting tools are usually 
adjustable so as to be suitable for turning various diameters; the back 
rests or work-supporting devices are made both adjustable and solid or 
non-adjustable. Both cutting tools and back rests are preferably mounted 
in sub-holders permitting of longitudinal adjustment. The most com- 
mon turning tools in use are for cylindrical work, but taper work can also 
be successfully produced by box tools designed for the purpose. 

CONDITIONS OP SERVICE 

The type of box tool in general, as well as such features as the work- 
supporting device and the manner in which the cutting-tool edge is pre- 
sented to the work, are dependent upon various conditions, among which 
may be mentioned: 

1. Length of work being turned; 

2. Uniformity of diameter of stock used (bright drawn or rough 
stock) ; 

3. Cross-section of stock (circular or otherwise); 

4. Character of material; 

5. Reduction in diameter to be made; 

6. Character of longitudinal cut (cylindrical, taper, or other). 
Before explaining the reasons why the foregoing conditions should 
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influence the design of tool, it may be well to understand precisely by 
name the various parts which are frequently referred to later on. To 
this end a few of the different types of box tools and component parts, 
as shown by Figs. 160 to 167, will first be briefly described. 

TYPES OP BOX TOOLS 

rigs. 160 and 161 illustrate a box tool with movable blocks holding 
the cutters and with a back rest of the non-adjustable open type. The 
cutting edge of the tool is practically radial, but longitudinally the cutter 




lies tangent to the circle representing the work. This tool is commonly 
called a roughing box and is recommended for heavy cuts as there is less 
danger of springing, due to the strain on the tool in cutting, than in the 
case of the radial tool in Figs. 162 and 163. The latter tool has movable 




Fia. 162. — Adjustable Finuhing Box Tool 

blocks holding the cutters, and movable blocks carrying the back-rest 
jaws. Both cutters and back-rest jaws may be adjusted to suit different 
diameters of work. The cutting edge of the cutter is radial to the work 
aad is parallel with tbe loo^tudinal section of the cutter. The Utoi ii 



TYPES OF BOX TOOLS 




178 BOX TOOLS AND OTHER EXTERNAL CUTTING APPLIANCES 

used mostly for brass and similar material and for light cuta on steel, and 
is in this general form commonly known as a finbhing box. On very 
free-cutting materials such as brass, the edge of the cutting tool is generally 
presented to the work without any rake, as shown in Fig. 163. In cut- 
ting the harder materials, steel, etc., and especially in taking roughing 
cuta on such material, rake is deflirable; hence the tool of the roughing 
box is presented to the work in the manner shown by Fig. 161. 

The tangent cutter used in the box tool shown in this view and in 
Fig. 160 is sharpened by grinding on the end, and compensation for the 
grinding away of the metal is made by adjusting the cutter forward, 
whereas in the radial type of cutter in Figs. 162 and 163, frequent sharpen- 
ing cannot be done without resulting in lowering the cutting edge of the 
tool below the center of the work, unless a substantial part of the tool 
be sacrificed. The radial tool, however, is easily ground accurately on 
face a, which is the particular edge governing the finish; while the corre- 
sponding face on the tangent type of tool is rather difficult to grind so 
as to produce as smooth work. 

OTHER FORMS OP BOX TOOLS 

Fig, 164 outlines the general scheme of a box tool with tangent cutter 
having means of radial adjustment for various diameters, the back rests 
being adjustable also, as indicated. 

In Fig, 165 we have a box tool with a back rest of the bushing type 




Fio. 165. — Bushing Box Tool 



which fully envelops the work. A bushing like that shown in Fig, 166 
is frequently used in the bushing type of box tool. This bushing is tapered 
externally and drawn into a conical hole, and is thus suitable for slight 
variations in stock sizes. Fig. 167 shows another "solid" rest, but with- 
out a bushing. The question of chip room frequently makes it neces- 
sary to abandon the bushing and bore the hole for the stock directly in 
the back rest. Quite often the back rest is cut away to allow the tools 
to operate on a second shoulder cut; then the bushing as ordinarily made 
interferes. As a rule, it is preferable to use the bushing where possible, 
owing to the ease with which it may be replaced when worn out of sh^w^ 



SELECTION OP BACK RESTS 
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and also because of the facility with which any changes due to hardening 
may be corrected. 

Other types of work-supporting devices, such as internal stem rests, 
etc., are very commonly used. Fig. 168 illustrates such a combination. 
Frequently, too, revolving stem rests are used in place of the stationary 
type shown. Quite often a drill or counterbore is held in the shank of 
the box tool in a similar manner and acts as a support, and also, as before 
stated, enables turning and boring operations to be accomplished simul- 
taneously. 
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Other Turning Methods 



SELECTION OF BACK RESTS 

Generally speaking, work that projects over one and one-half times 
its diameter from the spindle chuck cannot be turned accurately or rapidly 
without the aid of a support which will prevent the work springing away 
from its proper radial relation to the edge of the cutting tool. 

Usually on work which does not project over five diameters from 
the chuck, the back rest is located so as to support the work by the diam- 
eter produced by the first cutting tool in the box tool, the back rest being 
set from about ^ inch to ^ inch back of the cutting tool, as in Figs. 161 
and 163. While any of the types of back rests shown in Figs. 160 to 167 
may be used, on work of the length mentioned an enveloping back rest 
is not required. The type of back rest used in the tool in Figs. 162 and 
163 is adjustable for wear and preferable on this account. The non- 
adjustable open back-rest. Figs. 160 and 161, is recommended only when 
the design of the tool makes it difficult to utilize an adjustable type. All 
back rests should be of tool steel. They should be very hard and smooth; 
otherwise when used on fast-running material such as brass, a welding 
action takes place. They should be ground and lapped on the bearing 
face so as to bear more strongly on the forward end of the work than at 
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the rear. The clearance need not be more than 0.003 or 0.004 inch to 
the foot. Should the back rest be bell mouth, the work turned will be 
rough and covered with ridges. 

TOOL POSITION, LUBRICATION, ETC. 

Also it is quite important, where using such rests, that the work be 
not turned too large if roughing up of the surface is to be avoided. About 
0.0005 inch freedom should be allowed for work up to J-inch diameter, 
and about 0.001 inch freedom for 1-inch diameter. Proper lubrication 
of the bearing is also essential in preventing roughing up of the work. 
Lack of alinement of solid or half-open rests with the spindle of the 
machine may also cause the production of poor surfaces on the work, 
owing to the heavy crowding action under such conditions. 

In setting adjustable back-rest jaws it will be found conducive to 
good work to hold a bar in the head spindle, turn a true running piece of 
work from 0.0004 inch to 0.0008 inch oversize and then adjust the jaws 
so that they will bear snugly on the turned part. The closer this is to 
the spindle the better. In using solid or non-adjustable open-back rests, 
as shown by Figs. 160, 161, 165, and 167, it is recommended that they be 
bored out while held in the turret hole of the machine that they are to 
be used in. This insures the hole being in alinement with the head spindle; 
these conditions, as well as having the turret slide travel parallel with the 
axis of the head spindle, are necessary in order to produce accurate work. 

Burnishing of stock generally results from the pressure of the cutting 
tool forcing the work against a closely adjusted, smooth back rest, and is 
usually considered an evidence of proper adjustment. Frequently, how- 
ever, this is found not to be the case. 

LONG AND SHORT WORK 

On very long work, when bright-drawn cylindrical stock of uniform 
diameter is being turned, the solid back rest is found very satisfactory. 
The rest is in this event set ahead of the cutting tool and fully enveloping 
the work. It obviously prevents any tendency for the work to spring 
away. Where heavy stock which does not run true is to be machined, 
it is necessary before turning partly to cut off, as shown by Fig. 169, thus 
permitting the back rest to pull the bar into central position. In case 
there are short bends in the bar, trouble will be met, so that for long work 
machined in this manner it is necessary to select straight bars. It is 
also important where a back rest is used ahead of the cutting tool (that 
is, where the unmachined bar rotates directly in the back rest) to select 
practically uniform diameters of stock, not varying in size over 0.0004 
inch to 0.0008 inch. In many large screw factories all bright-drawn 
stock is carefully gaged as soon as received and sorted out in this manner; 
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in setting up the machine a back rest is selected to suit a particular bundle 
of gaged stock. 

IRHEQULARrrr OP STOCK SECTION 

Where brightrdrawn stock is used which is slightly out of round, as 
is very frequently the case, the use of a full enveloping back rest preced- 
ing the cutting tool will be found superior to the jaw type, giving a two- 
point bearing. In the former case the pressure of the tool cannot force 
the work away and the turned part will be cylindrical; whereas with the 
jaw type of back rest the pressure of the cut will keep the irregular con- 
tour of the bar against a jaw and consequently reproduce a similar cross- 
section to the turned part. This emphasizes the value of using back-rest 
jaws so as to follow the cutting tool; but as before noted, their use is lim- 
ited to short work and work of medium length. In such work, if the back- 
rest jaws are properly set and the turret slide travels parallel with the 
axis of the head spindle, true work will result irrespective of the collet 
or turret hole being out of line with the spindle. 

CAST-IRON WORK 

In machining cast iron, as on the magazine automatic, box tools with 
the ordinary types of rests are not satisfactory, owing to the fact that 
the cast-iron dust is apt to become ground between the rest jaws and the 
turned part of the work, thus causing the latter to become roughed up. 
The use of water, however (with just enough oil to prevent rusting), or 
any thin solution under pump pressure, effectually overcomes this trouble; 
oil seems to increase the difficulty. 




Fio. 170. — Box Tool with Roller Rest 



A box tool with roller back rests, which is excellent on cast-iron work 
when used iu conjunction with an air blast to keep dust from accumulating 
between the rollerB and work surface, is sbowa in Fig. 170. This bos 
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tool as Bometimes used on the Pratt & Whitney magazine machine, may 
be atiffly supported at the bottom by a hardened-steel plate carried on a 
bracket attached to the front end of the turret slide and traveling with 
the sli<le. Another satisfactory way of turning cast iron is by means of 
hollow mills. 

HOLLOW MILLS 

Hollow mills are also very suitable for turning long work from bar 
stock. These tools with multiple teeth support the work centrally, cut 
very rapidly, and if held concentric with the head spindle and properly 
cleared will produce excellent results. 




Fia. 171. — Hollow Mitts and Clamp Collar 



Fig. 171 illustrates a form of hollow mill. The clamp collar shown 
in the group is commonly used for slightly adjusting the teeth to cut to 
correct diameter. Another good form of clamp ring is shown in Fig. 172. 
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This ia made with sufficient metal at one side to admit the damping 
Bcrew, while the opposite aide of the ring ie weak enough to allow it to 
doae properly upon tbe mill when adjusted by the screw. 
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The teeth of hollow mills should be radial or ahead of the center. 
With the cutting edge ahead of the center, as in Fig. 173, the chips aa 
produced are caused to move outward away from the work and prevented 
from disfiguring it. With the cutting edge below the center, rough turn- 
ing will result. With the cutting edge greatly above the center, chatter- 
ing is produced. About one-tenth of the cutting diameter is found a 
good average amount to cut the teeth ahead of the center. When the 
chips produced from any turning or boring cut curl nicely, it is indicative 
of a free cutting action; but these chips are very troublesome on the 
automatic screw machine. In making hollow mills for the automatic, 
part or all of the rake to the cutting edge is generally sacrificed. 

HOLLOW-MILL PROPORTIONS 

The table under the hollow-mill sketch in Fig. 173 gives proportions 
of mills from -jV to J diameter, showing the amount to cut the teeth ahead 
of the center, the amount of taper in the hole, etc. 

Besides the type of mill shown made in one piece, hollow mills are 
often useil with inserted blades of high-speed steel. These tools are 
especially useful on the larger sizes of work. 

TAPER-TURNING TOOL 

So far we have discussed contlitions where cuts are cylindrical and 
where box tools with stationary cutting tools and back rests are suitable. 
On taper work the cutting tool must move radially; the back rest, unless 
it precedes the cut, must be so constructed as to adjust itself to the 
increase or decrease in diameter. 




Fw. 174. — Taper-turning Box Tool 



Fig. 174 illustrates a type of box tool for taper work which is suitable 
when uniform bright-drawn stock is used. The back rest consists of a 
Btationary bushing fully enveloping the bar. The hole should be about 
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0.0005 oversize and nicely lapped. The cutting tool is held in a trans- 
verse sliding member, the cross movement to the slide being controlled 
by a taper bar mounted on the cross slide of the screw machine. The 
taper bar is sometimes made in two pieces which may be adjusted in such 
a manner as to permit varying angles of tapers to be produced. This 
tool allows only one cut to be taken over the work unless the support 
from the back rest is dispensed with. 

SOME POINTS IN BACK-REST CONSTRUCTION 

Having now illustrated various types of box tools and their rests, 
hollow mills, etc., a few words relative to the actual making of certain 
box-tool parts may be of interest. 

In making back rests of the quarter-bearing type, as shown by Figs. 
160 and 161, the usual custom is first to bore out the solid block from 
0.0005 to 0.001 inch over the size that is to be turned, and plane away 
the portion indicated at -4, Fig. 175. The hole should be very smooth 
and cylindrical. Low-carbon tool steel is very good for the purpose, 
providing the work is pack hardened; otherwise it is preferable to use 
high-carbon steel and harden in an open fire. 
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Fig. 175. — Cutting Out Comer of Back 

Rest 

After the back rest has been hardened and assembled in the box-tool 
frame, the bearing may be slightly lapped with emery by holding a cylin- 
drical piece of brass of correct diameter in the screw machine chuck. The 
turret slide being moved back and forth will very quickly cause the lap 
to correct any slight crookedness due to the hardening. 

When an exceptionally nice job is required, the back rest may be 
hardened after cutting in, as at B, Fig. 175; afterward, by using a slitting 
emery wheel the corner may be removed entirely, leaving a little over 
the quarter bearing. 

It is found good practice to give back rests a width equal to one or 
one and one-half times the diameter of the work they are used on. It 
often happens, of course, that the positions of the cutting tools necessi* 
tate the employment of two rests in one box tooL 
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BOX-TOOL CUTTER8 

It may be stated that present-day practice favors the use of high- 
carbon steel for the radial type of tools and high-speed steel for tangent 
cutters on heavy roughing cuts. 

Sections recommended for box-tool cutters are as follows: For box 
tools used for stock diameters up to ^ inch, ^ inch square; up to | inch 
diameter, j'j inch square; up to i inch diameter, \ inch square; up to 
i inch diameter, ^ inch square; up to 1 inch diameter, | inch square; up 
to 1} inches diameter, i inch square. 

THE "tangent" cutter 

While the box tool shown in Figs. 160 and 161 has been called the 
tangent tool, actually the cutter should not be exactly tangent to the 
diameter to be turne<l, as it is then impossible to adjust this type of cutting 







Bos-Tool Cutters 

tool so as to cut under size, although by withdrawing the tool oversize 
work can be turned. In order to be able to compensaf* for slight errors 
and to insure that work may be turned to fit the non-adjustable back 
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rest, it is the practice to plane the cutter block so that the cutting edge 
of the tool is about 0.002 inch to 0.003 inch below a line tangent to the 
diameter actually to be turned, as at C, Fig. 176. 

The effect of in-and-out adjustment of the cutter is clearly shown by 
Fig. 177. 

AN OPERATING SUGGESTION 

In order to facilitate the "starting on" of the box tool, it is well to 
have the end of the work beveled, as in Fig. 178. The forming tool in 
finishing the head of the work simultaneously bevels a portion of the bar 
at E^ which, when a new piece of work is being produced, becomes FP. 
The first cut of the box tool is thus made light and does not become heavy 
until after the support of the back rest has been secured. 

Fig. 179 illustrates an end-pointing tool used on the type of box tool 
just referred to. The form is planed in the end of the cutter as indicated, 
thus permitting frequent grinding without altering the form. Sometimes 
for pointing work a special pointing box tool is employed, carrying merely 
a back rest and a pointing cutter; frequently a regular roughing-box tool 
is utilized and the pointing cutter held in the hollow shank and prevented 
from moving by a set screw. 



CHAPTER XXIII 
Drills, Counterbores and Other Internal Cutting Tools 

The design of internal cutting tools is largely governed by the char- 
acter of the material to be cut, the depth of hole, and, in tools for finish- 
ing, the amount of material left by the roughing tool for removal. 

As with external cutting tools the clearance and rake of the cutting 
edges, the number of cutting edges, and the means of avoiding accumu- 
lation of chips must be considered in connection with the nature of the 
material to be cut. 

STARTING DRILLS 

It is generally advisable before attempting to drill a long hole to use 
what is termed a starting drill, which tool is usually either of the flat 
type, as shown in Fig. 180, or somewhat similar to a twist drill, only having 
short flutes like Fig. 181. The point should be quite thin and the lip 
angles more acute than the drill that is to follow, as in this event the outer 
diameter of the drill is permitted to cut before its blunt non-cutting cen- 
ter web comes in contact with the work. Fig. 182 illustrates a twist 
drill entering a piece of work that has previously been spotted with a 
starting drill, and the twist drill will be found to run true under these 
conditions. When the blunt center web of a drill is allowed to come in 
contact with the work first, as in Fig. 183, the value of the starting drill 
is not nearly as great as under the conditions in Fig. 182. For starting 
drills under J inch in diameter the flat starting tool. Fig. 180, is very satis- 
factory, while for larger work, except brass and similar materials, the type 
illustrated by Fig. 181 is more commonly used. 

SPOTTING AND FACING TOOLS 

On long, slender work made of smooth stock close to size and which 
projects some distance from the head spindle it is generally found neces- 
sary to support the end of the work close to the point being spotted, 
and in such cases the starting or spotting drill is held in a holder which 
is also suitable for guiding the outer end of the work. Fig. 184 illustrates 
a tool of this type. 

In some cases combination spotting and end-facing tools like Fig. 
185 are used. This type of tool is very satisfactory on brass work, etc., 
but on harder materialsi such as steel, which is more destructive to the 
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cutting edges and thus makes frequent regrinding necessary, a tool holder 
having separate starting and facing cutters, as shown in Fig. 186, is pref- 
erable, as the independent adjustments allow frequent sharpening to be 
more economically accomplished. 
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TWIST AND STRAIGHT FLUTE DRILLS 

In drilling cylindrical holes standard commercial tools are preferred 
owing to the convenience of replacement when they become worn out or 
broken. Ordinary twist drills are very satisfactory in steel and cast 
iron, although in very deep holes the chips are sometimes difficult to get 
rid of, and clogging up of the flutes and occasional breakage will then 
occur unless frequent withdrawing of the drill is resorted to. On brass 
and all free cutting stock the rake given to the cutting edges of twist 
drills generally causes excessive curl to the chips and thus makes the 
automatic removal of the chips from the hole difficult. On automatic 
screw machines oftentimes a long curled chip is very objectionable as 
some machine functions may be interfered with. For these reasonSi 
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when twist drilk are used in brass, it is good practice to reduce this rake 
by grinding in the lips at the front end, as in Fig. 187. 

A two-lip, straight-fluted drill commonly known as a '^Farmer" drill 
is generally superior to the twist drill in cases where the curling of the chips 
is troublesome, and in shops where brass work predominates, this drill 
is used much more commonly than the twist drill. 

SERRATED, FLUTED AND STEPPED LIPS 

The cutting edges of drills are sometimes serrated as indicated in 
Fig. 188 to produce narrower chips than would otherwise result and 
facihtate their easy removal. A similar effect is produced by fluting the 
drill, as shown by Fig. 189. Still another method of producing narrow 
chips is to step the end of the drill. It may be of interest to mention 
that this latter scheme is very commonly used in the one-lip drills for 
drilling long holes in gun barrels, spindles, etc. Fig. 190 will give an idea 
of this type of tool. When such a drill is carefully guided and advanced 
at a low rate of feed it is possible to drill a distance of 30 or 40 inches 
with not more than 0.010 inch curvature in the length of the hole. There 
is no center web to prevent free cutting as in the two-lip twist drill, and 
oil is forced under pressure to keep the cutting cool and conduct away 
chips. The use of oil in this manner is found very effective with all 
classes of internal cutting tools, except when operating in cast iron. It 
makes possible the running of work at a high peripheral speed without 
excessive heat, results in rapid cutting and insures long life to the cutting 
edges of the tool. 

The center edge of all twist- and straight-flute drills should be thinned 
down at the cutting point, as the drill will then cut more freely and less 
power be required for the work. 

BACK AND LAND CLEARANCES 

Drills should have some back clearance, from 0.007 to 0.015 inch per 
foot being common practice. The land back of the cutting edge should 
be quite narrow as little land is required to support the drill and prevent 
chattering, while an excessive width increases friction and heat, resulting 
in the welding of chips to the drill along these surfaces and the conse- 
quent production of rough holes of varying diameter. Fig. 191 repre- 
sents the manner in which drills and counterbores should be cleared on 
their peripheries. 

The milling cutters used to flute twist and other drills should be of 
such form as to produce a straight cutting edge on the drill. If there 
is a curve to the cutting edge curved chips are produced which are diffi- 
cult to bend or curl and such chips not only cause excessive heat, but 
severe strain on the cutting tool and frequent breakage of the latter. 
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The various steps on short internal cylindrical cutting tools should 
be tiipered back about 0.020 inch per foot, and the peripheral contact 
reduced to a minimum so as to give ample chip clearance and avoid weld- 
ing of chips. 

FLAT DRILLS AND COUNTERBORES 

Fig. 192 illustrates a type of tool commonly termed a fiat drill, which 
is extensively used on brass work; it is especially recommended for such 
material where there are numerous shoulders or forms to ha cut out. The 
tool has a cylindrical shank which fits a turret tool holder. On large 
work it is customary to make the flat drill of rectangular stock and util- 
ize a special holder, as shown in Fig. 193. 







Flat Drills and Counterbores 

Such tools when held in the turret, as in Fig. 194, should be placed 
with the faces vertical so as to prevent them from cutting appreciably 
oversize if the indexing of the turret, due to wear, is not perfect. In the 
event of the turret holes after long usage being badly out of line, an 
adjustable holder should be used. A tool of this character is illustrated 
in Jig. 195. 

A one-lip drill or counterbore with a helical cut, as represented in Fig. 
196, is found superior in many cases as It permits of grinding the cutting 
edge without cha&fpng the form of the hole produced. 
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Counterbores as well as drills should have sufficient back and 
peripheral clearance but should not have too many cutting lips. A back 
clearance of about 0.020 inch per foot is satisfactory. For counterbores 
up to 1 inch three flutes or cutting lips are ample; more flutes are apt to 
result in insufficient chip space. 

STEPPED COUNTERBORES 

In making stepped counterbores where chips bother, it is conducive 
to good results to provide only one cutting edge for each step and to 
have successive cutting edges arranged spirally on adjacent cutting lips. 
Fig. 197 illustrates a stepped counterbore for roughing a hole that is 
afterward to be finished by a taper reamer. The advantage of this stepped 
counterbore lies in its producing a hole with a number of slight steps 
without an undesirable quantity of chips to wedge and cause trouble. 
For brass work the flutes of counterbores should generally be parallel 
with the body of the tool, while on steel the flutes should be cut so as to 
give a positive rake angle of 10 to 15 degrees; the deeper the hole to be 
counterbored the less the angle of the tool. For steel, and particularly 
in deep holes, internally lubricated counterbores are effective in keeping 
the edges cool and in forcing out chips. The various effects produced 
by counterbores with their cutting edges ahead or behind center, the value 
of proper rake and lubricants, are discussed in Chapter XXVII on cling- 
ing of chips to screw machine tools. 

MACHINE REAMERS 

Machine reamers are generally used for finishing holes smoothly and 
to size, and consequently it is advisable not to leave too much stock for 
these tools to remove. On steel work from J to 1 inch in diameter, from 
0.004 to 0.008 inch is generally satisfactory, while in brass from 0.006 to 
0.012 is a suitable amount. It is well to have the teeth of all reamers 
unevenly spaced, as there is then less liability of chattering than where 
even spacing is adopted. 

Cylindrical reamers should only cut on the front end in entering a 
hole; they cut back of the front end, on the lips, only when the material 
being reamed alternately expands and contracts through undue pressure 
or variation in temperature produced by the cutting action. This latter 
is particularly noticeable in brass tubing. Most cylindrical reaming tools 
like Fig. 198 are cleared the entire length of their cutting lips as well as 
having a back taper of about 0.004 inch per foot. For reaming steel 
where it is desired to produce an accurate smooth hole the so-termed 
rose reamer. Fig. 199, is excellent. This tool can cut only on the front 
end, and must be well lubricated and not forced so as to expand the work. 
It will ream holes under these conditions that are satisfactory to the 
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most exacting. For this work a rose reamer is better than a reamer with 
peripheral clearance, as its weight is more satisfactorily supported and 
there is thus more certainty of a round hole being reamed. A rose 
reamer, as intimated, has no peripheral clearance on the flutes, but should 
be back-tapered about 0.004 inch per foot. 
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THE CUTTING EDGES 

The cutting edges of reamers are seldom undercut and are generally 
on center, although for brass it is considered by many advisable to mill 
the cutting edge ahead of center and so secure a scraping cut. The flutes 
are generally milled parallel with the body of the reamer, but in many 
cases a spiral-fluted reamer has been the means of obviating chattering. 

The spiral should be cut left-hand to prevent drawing in. In small 
work, particularly brass, a flat reamer like Fig. 200 gives good results. 
It is inexpensive to make, and may be readily re-sharpened as indicated. 

Reamers or, more correctly, boring tools with three flutes and with 
only one cutting edge as shown by Fig. 201 are found very useful for 
producing straight, deep holes. 

REAMER HOLDERS 

Usually reamers for cylindrical holes (and sometimes finish coimter- 
boring tools) are carried in holders permitting of a floating action of the 
reamer. When a reamer is held rigidly in the turret hole there is almost 
a certainty of its cutting an oversize and tapering hole due to the im- 
practicability of retaining the turret hole in perfect alinement with the 
work spindle. There are a variety of floating reamer holders used. A 
simple form is illustrated in Fig. 202. With a reamer held in a suitable 
floating holder and providing the end of the hole that is to be reamed 
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has been bored out so as to run true, and from 0.003 to 0.015 undersize, 
there should be produced a hole true to size and concentric. 



NUMBER OF FLUTES IN REAMERS 



The number of flutes cut in ordinary reamers should be as indicated 
by the following table: 



Hand. 


Fluted Chucking. 


i to A diameter 4 flutes. 

i to a diameter 6 flutes. 

i to 1 J diameter 8 flutes. 
If J to 1}} diameter 10 flutes. 
1} to 2^ diameter 12 flutes. 
2} to 2) diameter 14 flutes. 
2}) to 3 diameter 16 flutes. 


1 to T^ diameter 6 flutes. 

i to IJ diameter 8 flutes. 
It'^ to Hi diameter 10 flutes. 
1} to 2A diameter 12 flut«». 
2i to 2} diameter 14 flutes. 
2^ to 3 diameter 16 flutes. 



TAPER REAMERS 

Taper or formed reamers should be provided with clearance the entire 
length of their cutting lips. The lips or lands instead of being continu- 
ous are in the case of long reamers usually serrated by means of a narrow 
left-hand spiral groove, and this breaks up the chip into a number of 
curled strips instead of producing a single wide one. The flutes in taper 
reamers are sometimes milled left-hand so as to prevent pulling in, and 
sometimes right-hand to assist in cutting. On slight tapers any tendency 
to draw in must be obviated owing to the risk of breaking the tool, while 
on steep tapers which resist the feeding in of a tool an opposite eflfect 
is desired. 

In practice, therefore, it is found satisfactory from the cutting point 
of view, to make the flutes left-hand in reamers producing holes tapering 
from to about li inch per foot. From 1^ to 2J inches taper per foot 
the flutes may be straight, while on tapers greater than this a right-hand 
flute is satisfactory. This latter gives a positive rake to the cutting edge, 
and less end pressure is required to force the tool to the cut than with 
straight or left-hand flutes. 

The cost of making tools with right- or left-hand flutes is somewhat 
greater than for straight flutes, and grinding is not so readily accom- 
plished with ordinary equipment, hence straight-flute taper reamers 
are more commonly used. 

RECESSING TOOLS 

Recessing tools constitute still another class of internal cutting appli- 
ances used on screw machine work for forming grooves and chambers in 
pieces after they have been drilled or bored out as required. There are 



194 DRILLS, COUNTERBORES AND OTHER INTERNAL CUTTING TOOLS 

many types of recessing appliances, and one is illustrated in Fig. 203. The 
body A has a shank titting the turret hole, and carnes a stud upon which 
is pivoted the tool holder B in nhich is inserted the euttmg tool. This 
swinging member B is held normally in central position by loop spring 
C. In operation, after the tool has entered the hole in the work to the 
required point the cross slide advances, and, acting upon adjusting screw 
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D, presses the holder B toward the rear and causes the tool to cut the 
internal channel in the work. If a chamber or recess of some length is 
to be formed, the turret slide then advances and the tool takes a boring 
cut along the side of the hole. Upon completing its work, the tool is 
relieved by the cross slide receding, and is returned to central position 
by spring C which presses the pivoted tool holder B forward until a stop 
plug E contacts with stop pin ^ in the shank. The turret then withdraws 
the tool from the work. 



CHAPTER XXIV 
Screw Machine Taps and Dies 

Taps and dies form a very interesting topic for discussion among tool- 
makers, and as the conditions under which they are used have quite a 
bearing on their correct design, it is the case that ideas as to their specific 
design are greatly at variance. Possibly the selection of the steel used 
and the manner in which the hardening is accomplished have a more 
important bearing on results than in the case of any other class of cut- 
ting tools. This chapter is not intended to cover this phase of the 
subject, but it may be opportune to state that in our experience it has 
been found best from an economical standpoint to temper a tap quite a 
little lower than a die. Exceedingly hard, brittle taps are liable to fre- 
quent breakage on account of their relatively weak cross-section and 
small chip space as compared with a die. 

Keeping taps sharp is more economical than continually making new 
ones to replace those breaking on account of being unduly hard. A die, 
however, may be so designed as to have ample metal for strength and 
much more chip room than the tap, and consequently breakage from this 
cause is not so liable to occur as with the tap. Furthermore, re-grinding 
of a die is considered more difficult than re-grinding a tap, and therefore 
the die is generally left harder than the tap. The speed of work while 
external threading operations are performed may be higher than for in- 
ternal threading on account of the foregoing reasons and also because of 
greater facility for properly lubricating. Tables of speeds for dies and 
suggestions on lubricating are given in Chapters XX and XXVII. 

TYPES OF dies AND TAPS 

Fig. 204 represents what is commonly known as a spring screw-thread- 
ing die, with its clamping or size adjusting ring, and Fig. 205 a button 
die. Both of these tools are used extensively in the automatic screw 
machine. On large work dies with inserted chasers, one form of which 
is shown in Fig. 206, are found very satisfactory. Various types of open- 
ing dies are also being successfully used on different classes of work. 

Taps are generally made solid, although there is doubtless econdmy 
in the inserted blade type of tap when of large dimensions. Collapsing 
taps are also made for some lines of work. 

195 
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Fia. 204. — Spring-Screw Threading Dies 




FlO. 205. — Button Die. 




Fio. 20e. — p. & W. Inserted Chaaer Die 



SPRING DIES 
Owing to the movable parts which may afTect perfect alinement be- 
tween the turret hole and the head spindle of turret machines, it ia found 
impracticable to hold dies or taps, even if perfectly true and concentric, 
directly in a turret hole or in a rigid non-adjusting tool holder. Ordinary 
commercial spring screw-threading dies, even when mounted in holders 
permitting of side play, are apt to produce better results if made with 
three cutting edges, as in Fig. 207, than if provided with four or more 
cuttmg edges. With the latter, the result due to changes ia hardening 
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or imperfect workmanship is apt to be that only two diametrically oppo- 
site teeth are simultaneously cutting, as shown in Fig. 208. This causes 
the die to vibrate and produce a rough thread, with chatter marks. With 
commercial dies having three cutting edges and providing that they are 
mounted in a free holder these troubles are greatly reduced. On one. 
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Spring Dies 

occasion, in the designing and tooling of 76 turret machines for a foreign 
order, about half of which machines were automatics, it was decided to 
make all of the spring screw-threading dies with three ledh only. The 
diameters of work to be threaded were from 3 millimeters (approximately 
\ inch) to 32 millimeters (approximately 1^ inches) and the threads per 
inch, with the exception of the large sizes, somewhat less in number than 
United States standard. The parts to be machined were of low-carbon 
tool steel, cold drawn machinery steel, brass, and also some copper. 
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Excellent results were obtained in hardening, and only three dies were 
cracked or ruined by the fire. There was not a single die which gave any 
trouble whatsoever when setting up and testing the equipment. This 
record would have been impossible with four-tooth dies. 

TAPPING OUT THE DIE 

It is good practice in making spring screw dies to either hob out the 
thread with a hob tap 0.005 to 0.015 inch oversize, according to size, 
and in use to spring the prongs to proper cutting size by a clamping ring 
as shown in Fig. 204, or to tap the die out from the rear with a hob tap 
tapering from -^ inch to J inch per foot, leaving the front end about 0.002 
inch over cutting size, and in this case also to use a clamping ring, Fig. 
204. Both of these schemes are for the purpose of obtaining back clear- 
ance and are effective. Theoretically, the use of the taper hob is the best, 
and is to be preferred especially when work is to be cut with threads 
of included angle less than 40 degrees, as the shape of thread produced by 
clamping the prongs of the die to a size below that at which it is hobbed 
may then be aflfected enough to be decidedly unsatisfactory. Fig. 209 
illustrates this bad feature. 

Fig. 210 illustrates the die with the taper somewhat exaggerated, as 
made with a taper hob and the general internal form of a very satisfactory 
spring screw-threading die. 

HARDENING 

In hardening a die it frequently happens that curves to the lips are 
produced as in Fig. 211. When clamping the prongs of an oversized 
hobbed die (with such curvature) down to size, this will still result in a 
bell mouth die. With a die hobbed out with a tap of sufiicent back taper, 
as in Fig. 210, the curve, if it exists, will not result in a bell mouth; the 
clearance angle being more pronounced than with an oversize tapped 
die, neutralizes the curvature. The internal form shown by full lines in 
Fig. 212 is bad, as the thickness of metal varies so that in hardening trouble 
will result. In Fig. 210, and as shown by dotted lines in Fig. 212, is a 
more satisfactory internal form. 

Probably the best practice in hardening is to dip the prongs into the 
lead pot not further than dotted lines W-X, Fig. 213, in which case less 
trouble will result, and the heat will still be sufficient to cause the remain- 
ing portion of the prongs to be sufficiently hard when chilled, to prevent 
welding of chips, etc. 

In case the hardening effect extends back into the curve as at F-Z, 
side-twisting of the prongs is almost a certainty, and the cutting edge of 
the die in this event will not be in contact with the work, but a portion 
back of the cutting edge will be dragging on the work which will cause a 
ragged thread and oftentimes break off the piece being threaded. 
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In spite of care there is much risk in the length of the prongs being at 
variance after hardening, and it is conducive to good results to leave a 
tie to the prongs as shown in Fig. 214. This tie can be removed in two 
or three minutes by the use of a slitting emery wheel. 

With a three-prong die it is possible to provide lips of generous cross 
section, giving rigidity. The undesirable friction due to too much thread 
in contact with the work is overcome by milling out as in Fig. 207, to suit 
the material being threaded. 

CUTTING EDGES 

The cutting edge of a spring screw die is generally radial for brass, 
and it is permissible for the edge to point a trifle below center, particularly 
when there is any possibility (owing to the ease of cutting) of there being 
a strong chip produced which may cause a "hogging in" action. On 
steel or material not free cutting, and which opposes the cutting action, 
it is desirable to have a positive rake to the cutting edge so as to make 
the cutting action easier, hence the cutting edge is generally above cen- 
ter. The amount is only limited by the chip curling so as to be objec- 
tionable on account of clogging, or by the rake being so much as to cause 
too free cutting, and consequently the production of a big, strong chip 
and the " hogging in " action which in this event, owing to the cutting edge 
being above center, produces very bad results. 

It should be observed that where large diameters of brass are to be 
threaded and where the die is so rigid that no springing action can take 
place, the radial-cutting edge is not as desirable as where there is posi- 
tive rake to the edge. 

Chattering, etc., on large work is generally due to weakness of tool 
or tool holder, and increased rigidity in these oftentimes makes possible 
an increase of clearance and particularly an increased positive rake 
to the cutting lip angles of all tools, with the result of better cutting 
action. 

It is desirable in spring screw dies to make the outside true with the 
axis of the thread and cutting edges, and consequently it is found desir- 
able to grind the outside diameter from the thread. This is of particular 
value in connection with the outside clamping or sizing ring, as it assists 
in adjusting the several prongs of the die equally, as well as making it 
unnecessary to provide undue freedom in the die-holding device. 

On large work, where inserted chaser dies may be utilized, it is evi- 
dent that more than three cutting edges can be used with very little of 
the difficulty common to the spring screw die, as distortion due to hard- 
ening is less, and if it exists at all, it can be compensated for if necessary. 
Furthermore, the desirable side clearance to each chaser may be readily 
given to this type. Where more than three teeth are found desirable 
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it is always better to have an odd than an even number of teeth, as the 
possibility of only two teeth cutting is then avoided. 

MAKING INSERTED CHASERS 

With inserted chaser "opening dies" it is becoming quite common 
practice to mill the threads of the chasers with a milling cutter, thus giving 
straight and ample clearance, instead of bobbing with a master tap, 
which latter gives very little clearance unless greatly oversize. 

A feature emphasized by those milling chasers, instead of bobbing, 
is that when dies or chasers are cut by a master tap there are three inher- 
ent errors which if accumulative may be sufficient to make it impossible 
to obtain perfect pitches. There is first the error of the lead screw in 
the lathe used in cutting the master hob; second, the error in the hob due 
to hardening; third, the error in the die or chasers due to hardening. If 
these three errors act cumulatively the result is that an inaccurate die 
is produced. By milling the chaser the first two errors may be eliminated, 
leaving only the error caused by hardening the chaser, and this last error 
may be kept small by hardening only the cutting edge, the unhardened 
material at the rear having an important eflfect in preventing distortion. 

It is furthermore advanced by some that in milling the thread of a 
chaser the metal is not compressed as it is with a tap; that with a tap 
the metal is not really cleanly cut, but is, so to speak, more or less pushed 
off as the tap has no clearance and the resulting surface is left in a state 
of strain which relieves itself when hardening, thus increasing the dis- 
tortion both in form and in pitch. 

BUTTON DIES 

The shape of the round button die gives it an advantage over the spring 
screw die in hardening, and this type of die is in considerable favor with 
many on small work. It is not considered as convenient to re-sharpen 
correctly as the spring screw die, but the low original cost of button dies 
permits them to be discarded when dull. Chips on coarse pitches are 
not 80 easily gotten rid of with the button die as with other types. It 
has, however, when correctly made, some very good features, and when 
fully understood and made in proper manner it is very satisfactory for 
screws -fy inch diameter and under. Owing to the rigidity of the button 
die the cutting edge of the tooth may always be ahead of the center for 
brass, as well as for steel, and good results follow. 

This type of die should be made substantially as in Fig. 215, and in- 
stead of bobbing with an oversize hob, an undersize hob is superior, the 
die being expanded to proper cutting size. The reason for this is that, 
with the cutting edge of the teeth ahead of center and providing an over- 
size hob be used, the relation of the cutting edge to the work would be as 
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shown in Fig. 216, when dosing down the die which, when exaggerated 
as shown, emphasizes the bad cutting action which exists under normal 
conditions to an objectionable extent. When the die is expanded, as shown 
by Fig. 217, the clearance of the threaded portion of the die ia in the cen- 
ter, where it is desirable that it should be, and the cutting action is excel- 
lent. When reversing the work for the removal of the die there is no danger 
of the wedging in of chips. 




Button Dies 



This type of die, on account of the chance it affords for what would 
ordinarily be considered an excessive rake without spnngmg, is found 
very satisfactory for cutting copper. 

In the button die, as shown in Fig. 215 and Fig. 218, it should be 
noted that the expanding wedge is a taper pin which acts as a tie and 
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prevents a twist to the die which might occur from hardening if a wedge 
were used as in Fig. 216. The line a, Fig. 215, representing the cutting 
edge of the die, may be pointed on center or above, as desired, and then 
the center of hole b is located on line c so that the edge of the hole is tan- 
gent to the line a. 

APPLICATION OF DIE TO WORK 

Most dies are chamfered, so as to cut smoothly and to assist in start- 
ing on to the work, as in Fig. 218, but it sometimes is necessary to cut 
very closely to a shoulder with one die only, and in this event there can 
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be but little chamfer. It will be of assistance in starting the die under 
these conditions, when work permits, to bevel the end of the work as indi- 
cated in Fig. 219, prior to running the die on, and afterward remove the 
bevel at a, if objectionable. 

It sometimes happens that very short threads have to be produced, 
as shown at A, Fig. 220. An eflfective method of producing such work 
is to first cut a long thread and afterward face off the extra portioa 



LENGTH AND NUMBER OF LANDS 203 

between neck B and the end of the piece. The nicking at B, previous to 
cutting the thread, is necessary to prevent a bur, which would otherwise 
be produced by the facing tooL 

INTERNAL THREADING 

Thus far this chapter has been confined to the external threading of 
work; it should be remembered that many of the conditions are common 
to internal threading operations also. 

Taps have their cutting edges cut radially in most cases, though on 
brass it is desirable to cut below center, thus breaking up the chip for its 
more easy removal. A free curling chip is undesirable when tapping, 
unless the stock is of such a nature that tearing of work will result in 
case the cutting edge is not such as to produce such a chip. Copper is 
a material of this nature, and a tap made like Fig. 221 with a big rake 
to its cutting edge works out nicely. On copper and similarly acting 
material, cutting out every other tooth, as is done on the Echols patent 
tap made by the Pratt & Whitney Company, is found an efficient means 
of producing clean threads. Fig. 222 illustrates this tap and also shows 
it entered in a piece of work; Fig. 223 represents an ordinary tap. 

In the former (which is always made with an odd number of flutes), 
each alternate tooth is omitted, the arrangement being so carried out 
that each of the cutting teeth is followed by a space and each space by 
a tooth. This arrangement gives a freedom of action to each cutting 
tooth not obtainable with the ordinary form of tap. In tapping holes 
with ordinary taps in copper and similar material the tendency is to tear 
the threads, owing to the wedging action of the cutting teeth, and the 
slight resistance oflfered by the metal to the pressure of the continuous 
row of cutting edges. The chips are carried forward in a mass in front 
of the cutting teeth, and unless the tap is frequently reversed, thus break- 
ing up the mass of chips, the thread will either be mutilated or the tap 
broken. 

It will be seen upon examination of Fig. 222 that only one side of the 
thread that is being formed with the tap there shown is operated upon 
at once. It is thus relieved of one-half the pressure and wholly of the 
wedging action, and because of the absence of the next adjacent threads, 
a slightly lateral movement of the thread being formed is possible, owing 
to the mobility of the metal. It is probable that under similar condi- 
tions the removal of alternate teeth in a die would be of value. 

LENGTH AND NUMBER OF LANDS 

The number of teeth in regular taps and width of land should be 
regulated by the diameter and pitch of work as well as the nature of the 
material being cut. On "sticky" material both dies and taps should 
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have relatively short land. Od fine threads, where a dnmkeD thread is 
to be insured against, more teeth are required than on a coarser pitch of 




the same diameter. A good average number of teeth on taps for United 
States standard threads is given in the following schedule. Too few teeth 
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and too short land afford very little support and may cause chattering; 
too much land in contact causes heat due to excessive friction and weld- 
ing of chips, torn threads, etc. 
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TAP RELIEF 

Taps for use in the screw machine should permit reversing of the 
work without any chance of chips wedging at this point, and conse- 
quently are not cleared the same as hand taps which go entirely through 
the work and are thus removed without reversal. 

Fig. 224 illustrates the way to relieve the top and sides of the teeth 
of screw machine taps. A tap for long cylindrical threading should in 
addition be slightly tapering toward the back so as to free itself. This 
taper should be about 0.020 to 0.030 inch per foot, although conditions 
may make it desirable to vary this somewhat. 

Where a tap is used on steep triple and quadruple threads it is cus- 
tomary to cut the flute on a spiral so as to present a square cutting face 
like Fig. 225, which is self-explanatory. 

SIZING WORK FOR THREADING 

In boring holes previously to tapping they should be somewhat larger 
than the theoretical diameter at bottom of thread, as the crowding action 
of the tap will cause the metal to flow some and compensate for this. 
Where no allowance is made, frequent tap breakage is liable to occur 
and torn threads in the work also. On external work it is for the same 
reasons advisable to turn the work undersize; the following table gives 
good average allowances for both internal and external work: 



Threadii per Inch. 


External Work. 
Turn Underaiie. 


Internal Work. 

Increase over Theoretical 

Bottom of Thread. 


28 


0.002 


0.004 


24 


0.002 


0.0045 


22 


0.0025 


0.005 


20 


0.0025 


0.0055 


16 


0.003 


0.006 


14 


0.003 


0.0065 


13 


0.0035 


0.007 


12 


0.0035 


0.007 


11 


0.0035 


0.0075 


10 


0.004 


0.008 
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0.004 


0.0085 
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0.0045 


0.009 


7 


0.0045 


0.0095 


6 


0.005 


0.010 
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It may be of value to include a table of suitable dimensions for spring 
screw dies, and the data in the sketch. Fig. 226, should prove of service, 
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particularly for steel. For brass the cutting edge is radial, thus eliminat- 
ing dimension A. The width of land at bottom of thread is usually 
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FiQ. 226. — Spring Die Dimensions 

made about \ O. D. of cut, the milling between flutes being 70 degrees 
for the flute and 50 degrees for the prong in the case of three-flute dies. 

SIZING DIES AND TAPS 

As most all dies have means for slight adjustment, it is not necessary 
to use the same care in sizing them as in the case of taps which are gen- 
erally non-adjustable. Dies may be *' chased out" to fit a male-threaded 
plug and a tap to suit a female gege. In the event of having only a plug 
or a sample to work to, the ball-point micrometer is very convenient in 
comparing diameters when cutting the thread on a tap. In making taps 
to a drawing or specification, it is of assistance to turn a portion of the tap 
to the theoretical bottom of the thread and then with properly formed 
threading tools, to use this part as a gage when sizing the tap, either 
copper plating with blue vitriol and burnishing the plate with the thread 
tool or dispensing with the plating and using a good eye-glass to detect 
when actual contact between the threading tool and tap blank at gage- 
point takes place. 

TESTING THREADING ACTION 

When in doubt as to the proper cutting action of a die or tap it is 
advisable to carefully turn or bore a piece of work, then thread the work 
under normal conditions, but to stop the work with the cutting action 
taking place, then in the case of external threading, note whether all 
the cutting edges are producing an even clean chip, or pushing the thread 
off. In case the thread in the die is smooth and the cutting edges are 
sharp and have been properly lubricated and the work is poor, the chances 
are that the angle of rake or the clearance is at fault. 
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To examine the hole tapped out the work must be carefully sawed into 
two pieces. 

DIE HOLDERS 

Holders for die and taps for the automatic have much to do with 
the success of these tools. Fig. 227 shows a very satisfactory holder 
made by the Pratt & Whitney Company. This appliance was developed 
for use in a screw machine whose spindle reverses very rapidly. 

Among the important features of this particular die holder are the 
following: The backward movement of the sliding die holding head a, 
which, as usual, occurs in running off the die or tap from the work, i^ never 
opposed by the guide fingers b 6', should they strike against the ends of 
driving pins c c', as the guide fingers being pivoted at d d' swing out in 
this event. This prevents stripping ,of the thread. The spiral springs 
e e' serve to return and retain the guide fingers in their normal parallel 
position which is required when the die or tap is cutting a thread. 

The edges of the guide fingers which come in sliding contact with the 
driving pins as shown are beveled to an angle of 15 degrees with the line 
of travel of the die head. This angle obviously results in a freer forward 
movement to the die head than when there is a parallel sliding action, 
and also insures the lead of the thread conforming very closely to that 
of the die or tap. The angle could be carried to such a spiral as to tend 
to push the sliding head forward immediately the die has caught. The 
15-degree slope, however, has proved very satisfactory. 

At / is shown a spring cushioning plunger which»prevents undue shock 
when catching the first thread on the work, and is especially eflScient 
when cutting threads finer than 32 per inch. 

ADJUSTMENT FOR LENGTH OF THREAD 

Positive and uniform length of the thread being cut is insured by 
adjusting the self-locking stop screw g. This stop screw determines the 
amount of travel which the die head a may have without rotating with 
the work. For instance, should it be desired to cut a j-inch length of 
thread, it is only necessary to adjust the nut forward until the amount 
of lap which the driving pins c c' have on guide fingers 6 6' is equal to 
f inch, as indicated at h. 

After the die head has traveled forward enough to free the driving 
pins, no further thread cutting occurs, as the die head, then being free, 
revolves with the work. When the spindle and work are reversed the 
die head usually reverses also until the lip on the groove iii the die head 
at I comes in contact With the spring-actuated pawl /. This, of course, 
prevents further reverse rotation of the die head, and as the work con- 
tinues to rotate the die is unscrewed. 

In case the die head due to its inertia does not reverse with the work 
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(as does happen occasionally), and should the driving pins and fingers 
in this event be in direct line, there is no danger of stripping the threads, 
for the guide fingers as before mentioned will under these conditions be 
caused to swing outward during the backward movement of the head 
by the driving pins. 

A light spiral spring k serves, when the die is not cutting threads, to 
hold the die head back in the body with cushioning plunger against the 
stop screw, and in use has the advantage of preventing the marring of 
the first few threads on the work when backing off the die providing after 
the thread has been cut, and previous to reversal of the work, the turret, 
together with the holder, be pulled backward a distance equal to a couple 
of threads. This causes the spring to be in tension, and, after the spindle 
has been reversed and the die unscrewed from the end of the work, the 
spring brings the die head and die clear of the end of the piece that has 
been threaded. 

On account of the fact that absolute alinement of turret and spindle 
is not always retained and as dies spring in hardening, a slight floating 
action between the sliding die head and body is allowed. Referring to 
the detail of the head, it will be seen that the shank is 0.435 inch diameter 
while the hole in the body is 0.4375 inch. 

In some cases where old machines are used, considerably more than 
this freedom may be advisable; too much freedom, however, is bad, for 
then trouble may result in starting on the die. 



CHAPTER XXV 
Forming Tools and Methods of Making Them 

Quite a variety of types of cutting tools and holders have been devel- 
oped for cross forming work on the automatic screw machine. 

For brass work flat-formed blades such as shown in Fig. 228 or solid 
forged tools as in Fig. 229 are found very satisfactory, owing to its being 
possible to obtain with these perfect side and peripheral clearances. 

Where frequent sharpening of the tool is required and where the 
form produced must be kept uniform, these tools are not always satis- 
factory, and a tool whose cutting edge can be sharpened without any 
alteration to its contour is generally preferred. Fig. 230 illustrates 
what is usually known as a circular forming tool. The grinding is done 
on face abed, the form as indicated extending entirely aroimd the per- 
iphery. Fig. 231 illustrates another type of forming tool which admits 
of the cutting edge being re-ground without alteration of its contour. 
This is known by various names, a very common one being " dovetail 
forming tool " from the fact of its generally having a dovetail to fit into 
its holder. To prevent any confusion this tool will be referred to as a 
dovetail forming tool hereafter in this chapter. These tools are generally 
held and fed in such a manner that the cutting edge is on a radial line 
with the work being formed. In some special cases, however, it is found 
more satisfactory for the tool to travel tangentially to the work instead 
of radially. 

COMPARISON OF TYPES 

There are various things to be taken into consideration when deter- 
mining whether to use a circular or a dovetail forming tool, and the fol- 
lowing points may be of assistance when making the decision: 

1. The peripheral clearance angle being constant in both circular 
and dovetail tools, as shown by Fig. 232, it is clear that in the dovetail 
type there is more metal directly under the cutting edge than in the cir- 
cular tools to conduct away the heat which is produced while forming. 

2. The difficulty and cost of producing an accurate and smooth form 
leave much in favor of the circular forming tool. 

3. The type of tool post required for a circular forming tool oftentimes 
interferes with turret tools simultaneously operating on work with the 
cross-slide tools. The dovetail t3rpe of tool permits of the use of holders 
which do not thus interfere. 
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4. The increasing peripheral clearance of a circular forming tool per- 
mits a lesser angle to be utilized at the point of cutting than with the dove- 
tail type, and this lesser angle has a tendency to prevent chattering on 
account of the support afforded. With the dovetail type, stoning the 
clearance face is sometimes resorted to, which in effect gives a lesser 
angle at the cutting point, as indicated in Fig. 233 at B. 

A similar result with the circular tool wiihovi stoning the clearance 
edge is obtained by properly determining the relation of the center of 
the cutter to the center of the work as shown at 5', Fig. 234. Raising 
or lowering the cutting edge of the tool changes the clearance angle 
and incidentally changes the form produced. Consequently the clearance 
angles and the relation of the center of the cutter holding bolt to the work 
center are points which it is necessary to consider carefully. 

DIAMETERS AND CLEARANCES 

With a given material the larger the diameter of the work the greater 
the angle of clearance required. Clearance angles are seldom less than 
7 degrees and seldom over 12 degrees except on work out of the ordinary 
run. 

The diameter of circular forming tools is an important point to con- 
sider, A small diameter has a more pronounced change of clearance 
angle than a large diameter. In fact, when of an exceedingly large diam- 
eter the circular tool approaches in cutting action the dovetail t)rpe of 
tool. 

On the Pratt & Whitney automatic screw machines the standard 
outer diameters of circular forming cutters are as follows: 

No. machine, IJ-inch O. D. cutter. 

No. 1 machine, 2-inch O. D. cutter. 

No. 2 machine, 2J-inch O. D. cutter. 

No. 3 machine, 3-inch O. D. cutter. 

In order to obtain suitable peripheral clearance the practice is to locate 
the center of the cutter above the center of the work as at C, Fig. 235; 
the tool holder being bored out above the center as indicated and the 
forming tool milled out below center a corresponding amount so that its 
flat cutting surface is level with the center of the work. A very satis- 
factory amount to locate the circular tools above center and cut their 
working edges below for the m&chlnes just referred to is as follows: For 
No. machine, \ inch; No. 1, ^ inch; No. 2, ^ inch; No. 3, A inch. 

GETTING THE TOOL DIAMETERS AT DIFFERENT POINTS 

In order to produce a circular or a dovetail type of tool so that the 
contour of its cutting edge is such as to produce correct work, the amount 
a circular tool is off center as C in Fig. 235 and the clearance angle of a 
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dovetail tool as at D, Fig. 232, must be known. In connection with the 
circular type of tool the diagrams Figs. 236, 237, 238 and 239 will be 

MO.0 AUTOMATIC MORUIVO TOOLS w"oTJTSIDE DIA. CUTTING EDGE H^BELOW CENTER. 

AMOUNT TO ADD TO APPARENT DIAMETER OF CUTTER* 
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Fig. 236. — Diagram for Finding Actual Diameter of Circular Forming Tools for P. & 

W. No. Automatic 

found convenient for quickly ascertaining the diameters of the various 
sections of the tool. The method of using these diagrams is given in 
Fig. 237. 

Where different diameters than those given in the diagrams are used, 
or when the amount the cutter center is set off from the work center 
varies from the diagrams, the following formula may be used in connec- 
tion with Figs. 240 and 241: 



To compute the measurement T on dovetail tools, Figs. 240 and 242, 

the formula would be: 

T = a (cosine A) 

Ten degrees is a very common clearance for dovetail tools; cosine lO*' 
= 0.98481. 

TOOL-MAKING METHODS 

There are various methods employed by the toolmaker in accurately 
making circular and dovetail forming tools. The form of tool has con- 
siderable to do with the scheme selected. For instance, if the work is 
entirely without curved or irregular outline the tool, if circular, would 
be simply turned up in an engine lathe to the correct dimensions, some- 
times making allowance for grinding, and then milling out a section for 
the cutting edge. In case the cutter in question is of the dovetail form 
and has been correctly dimensioned, no difficulty will be experienced in 
accurately planing to dimensions if the toolmaker has proper dimensioned 
size blocks. The depth micrometer also is of value in this work. Some- 
times fly cutters are also used for making these dovetail tools. 
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THE TRANSFER SCHEME 

It sometimes happens that circular cutters are to be made which are 
very difficult to caliper; it is then quite frequently advisable to turn a tool- 
setting gage of the correct diameter and copper plate the gage (using blue 
vitriol) , and then to size the cutter correctly by first bringing a master 
tool into contact with the gage, noting the graduation on the micrometer 
collar on the feed screw of the lathe, then moving the carriage longitu- 
dinally and bringing the master tool down upon the cutter to the same 
position. This scheme admits of several master tools being used, and in 
connection with micrometer stops or suitable size blocks for the longi- 
tudinal movement of the carriage accurate circular tools can be econom- 
ically made. 
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Finding Cutting Depths of Forming Tools 




Fig. 243 illustrates this transfer scheme, corresponding numbers 
indicating corresponding diameters of model and cutter. By simultane- 
ously using a fixed dead tool arranged as a stop on center against the gage 
before referred to and a master tool off center the amoimt the circular 
cutter is off from the work-center, the gage may be made of such diam- 
eters as would be correct with the cutting edges of the circular cutter 
on the radial line instead of being off center. Another modification of 
the scheme is to dispense with the dead tool or stop referred to and use a 
rigid master-tool-holding block capable of rapid vertical adjustment 
which will permit of setting the master tools to the gage while on center 
and then allow them to be dropped below center an amount equal to the 
amount the cutting edge of the cutter is off center. This permits very 
accurate cutters to be produced. Fig. 244 will give an idea of this method. 

Sometimes it is found convenient first to rough out the circular form- 
ing tool and next mill out the space for the cutting edge, and thus permit 
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the master tool to be used without the chaace of error creeping in which 
might occur on account of the necessity of moving the cross slide of the 
carriage in and out. 




FIG. 345 
Making Circular Fonning Tools 

It will be found of advantage to use tissue-paper feelers between the 
master gages and the tools in these transfer methods. Some toolmakera 
prefer merely copper plating the master and just burnishing the copper 
surface to show contact previouB to transferring. 
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MASTER TOOLS AND TEMPLETS 

When irregular shaped circular forming tools are produced by direct 
micrometer measurements, the master tool is generally made of the same 
contour as the work that is to be produced; consequently the master tool 
when finishing the circular tool must be held off center an amount equal 
to the amount the cutting edge of the circular tool is off center. The 
sequence of operations in making a circular tool from a given model or 
drawing is shown in Fig. 245. First is prepared a master tool templet 
A^ and then a master tool B. The templet is of sheet steel and should 
be made from a rectangular piece that is perfectly square to facilitate 
measuring with a micrometer. Considerable skill is required to file 
complicated forms accurately. The master tool B is shaped exactly to 
fit the master tool templet A, and is also made perfectly square to permit 
measuring with a micrometer. 

The circular tool is formed by the latter as previously outlined and as 
shown in Fig. 245. Owing to the thin scraping chips taken when finish- 
ing a cutter to exact size the master tool may have a tendency to glaze 
instead of cutting. The use of turpentine prevents the glazing by assist- 
ing the tool to take hold on very thin chips. In some cases two or more 
master tools are found more convenient than the one, especially in making 
wide circular forming tools, and in this event it is customary to make a 
male sheet-steel gage D, Fig. 246, for convenience in testing the longi- 
tudinal positions of the various cuts in the circular tool. This latter 
gage does not require the complete form as it is commonly used for longi- 
tudinal work only. 

MAKING DOVETAIL TOOLS 

In planing dovetail tools size blocks may be used as already men- 
tioned for setting the planer or shapcr tool to the various hights required. 
A stop screw may be located as at a. Fig. 247, and size blocks used as at 
h for regulating the setting of the head. Or a depth micrometer may 
be used instead of the stop screw, tissue-paper feelers being used in either 
case. Size blocks may also be used directly on the plate in many cases, 
the tool being brought down into contact with the different blocks for 
getting the depths of the various grooves, etc., in the cutter blank. 

In using a formed tool of same contour as the model in planing the 
dovetail tool as in the enlarged sketch in Fig. 247, the formed tool is held 
in the post at the same angle as the dovetail tool will afterward be used 
on the work. The dotted lines indicate the angle to which the work- 
ing edge will be finished and the planing tool is shown set at the same 
angle. 

In planing the dovetail form of tools it will sometimes be found of 
advantage to plane the face of the cutting edge of the blank to the 
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correct angular relation to the clearance face as at ^4, Fig. 248, and 
then scribe the contour desired on this cutting face from a templet. 

If the templet is fastened to a block as shown, the shape of the finished 
soft cutter may also be nicely tested as in Fig. 249. 

As frequent hardening and annealing of tool steel is liable to affect 
its quality, various expedients are resorted to in order to test the cor- 
rectness of tools without undue waste. 

TESTING OUTLINE OF FORMING TOOLS 

A common scheme i^ to mill the circular tool as in Fig. 250, where a is 
the actual cutting edge and b a trial cutting edge. The cutter is hardened 
at b only and a piece of work is formed by this edge. If incorrect, the 
cutter edge is annealed at that point and then corrected. Another method 
is to insert a flat piece of steel as in Fig. 251, and after forming, the test 
piece is removed and hardened to test the accuracy of the form in the 
cutter. 

A glass plate is frequently found convenient when testing the outline 
of a circular tool with a templet, the sketch. Fig. 252, showing the appli- 
cation clearly. 

Narrow circular cutting-off tools and in fact almost all delicate cir- 
cular forming tools which are apt to be cracked by hardening are bene- 
fited by having radial slots milled as shown in Fig. 253, they are then 
less liable to crack than when left solid. 

TOOL POSTS 

There are many types of tool posts for holding cross-forming and 
cutting-off tools. Fig. 254 is a form of post made by the Pratt & Whitney 
Company for holding circular forming tools. This has an adjustable 
swivel tongue or guide A which is controlled by an eccentric pin B, 
The cutter is doweled to the tool holder C by pin D and the holder 
after the cutter has been brought in to correct position is firmly clamped 
to the tool post. There are a number of holes in the tool holder C which 
permit the cutter to be doweled until entirely worn out. The holder 
is clamped by screw E, and being considerably further from the center 
of the cutter than the cutting edge insures rigidity in this respect. 
The cutter and holder furthermore are clamped by the center tool binder 
F. A gage for quickly locating the cutter edge on center is part of this 
equipment. Fig. 255 illustrates a pair of these posts in position and a 
gage is shown at g in the drawing. 

Fig. 256 illustrates a circular forming-tool holder with two varj'ing 
diameters of tools which has been used on automatics equipped with 
magazines for cast-iron sewing-machine hand wheels and similar work 
where considerable variation in diameters would require a very large 
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circular tool of the ordinary type, which would be unsatisfactory as 
regards peripheral clearances. 

Fig. 257 is a common dovetail tool holder and post. Fig. 258 repre- 




sents another style of tool post for holding the dovetail type of tool. 
Fig. 259 shows a tool post for holding flat tools. . The tool is clamped 
by screws o in swinging block b which is adjusted by. screws c and clamped 




Fig. 257. — Poat tor Dovetail Tool Holder 

fast with the tool post to the cross slide by nut d. An eccentric pin e, 
adjusts the tool to position vertically, and the swinging block gives the 
required adjustment for side clearance. 

There are numerous other types, where provision is made for adjust- 
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ing the tool vertically by wedges, swinging anvils, etc. Fig. 260 illuB- 
trates one of these posts with swinging anvil. 




Fio. 258. — Dovetail Forming Tool Post 

APPLICATION OF TOOLS TO WORK 

Generally, circular dovetail-forming toolp do not have perfect side 
clearance. This feature is discussed in Chapter XXVII on "Why Chips 
Cling to Screw Machine Tools." 




Fia. 259. — Post for Straight Cut-ofl and 
Forming Tools 

One point that should be carefully considered in the use of cross-form- 
ing tools is whether it is most desirable to use a tool with the forward or 
reverse movement of the spindle. This is of particular importance when 
the forward and reverse speeds are greatly at variance, which is generally 
the case, as the production per hour may be greatly increased or decreased 
according to these contlitions. The question as to whether a cross-feed- 
ing tool is to be in cutting action simultaneously with an opposite cross- 
feeding tool, or with a tool in the turret, is also to be considered in their 
connection. 
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Fig. 261 illustrates a variety of work which is common to the auto- 
matic screw machine and shows various arrangements of forming tools, 
several of which are adapted for simultaneous operations of front and 
rear tools which many times is conducive to a high rate of production 
as the cuts taken with each tool may be greater than if either were operat- 
ing alone as the side pressure on the work is balanced. When the con- 
struction of the machine does not permit of the simultaneous cutting 
action, a similar arrangement of tools is satisfactory; only the time and 
sequence of their operations must be taken into consideration. 




Fig. 260. — Tool Post with Adjustable 

Shoe 



FORMING AND TURNING 

There a,re a number of important details regarding the shape and 
method of using forming tools some of which will now be touched 
upon: Sketches A, A^, A^, Fig. 261, indicate a method of forming and 
cutting off a piece with two tools, one of which is, of course, fed into the 
work before the other. The burs indicated by arrow points at A^ are due 
to the rubbing of the forming tools on the side cuts, and unless there is 
perfect side clearance to the forming tool, the bur will be increased. By 
adding a bevel edge to the tool, as shown by A, the bur produced is re- 
removed. A* is a refinement over ^4. At B is illustrated a common 
method of simultaneously cutting off and forming shoulder screws, the 
two tools finishing their cuts at the same time. Where a machine with 
single cross slide is used for producing work in this fashion, the cutting- 
off tool should precede the forming tool as the bar then has its full diam* 
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MAKING SHORT SCREWS AND OTHER PARTS 227 

eter and strength for the cutting-off operation. Sketches C to C* show 
an ordinary screw in which the head is to be formed by cross-slide tools 
and the body turned by a box tool or hollow mill in the turret. The 
cross-sUde tools start their cuts together, but the forming tool for the 
head, of course, has to finish first. The cutting-off tool should be made 
so as to bevel the end of the bar as shown, in order to permit the starting 
of the box tool on a hght cut until its back rest has a good support. 

The forming cutter for the head should be beveled as at c in C* in case 
the box tool follows the forming cut. This allows the tool to cut into 
the stock as at C, leaving a beveled shoulder so that when the box tool 
is fed along it completely removes the superfluous metal without leaving 
an objectionable ring which is quite apt to be produced under the con- 
ditions represented in C* and C*. The ring of metal there seen which is 
a result of the square shoulder cut by the forming tool in C*, is quite apt 
to tip over on the screw blank and cramp and to later on prevent the die 
from cutting the thread properly. 

SUPPORTING LONG WORK 

At D is illustrated a method of forming and cutting off long pieces 
where it is generally advisable to use a supporting device as indicated. 
It is obvious that the two cross-slide tools are not used simultaneously 
in this case. The bevel at D left by the first tool prevents the work 
breaking off prematurely. J5^ is a very simple piece to produce. Where 
there are double slides on the machine the two tools may start their cuts 
at the same time, but the rear tool, of course, merely chamfers the edges 
of the work. This bevel cutter is a refinement not always required, but 
it is desirable when the bur which would be produced by the front tool 
is objectionable. 

MAKING SHORT SCREWS AND OTHER PARTS 

At F, F^j F^ and F* are shown several methods of forming and cutting 
off short screws. The method at F is a rapid one and is particularly 
recommended for machines with one cross slide, the cutting off of the 
finished screw being accomplished at the same time the forming of a new 
blank is being done and requiring a traverse movement of only about 
one-half the radius of the work. F^ and F^ are applicable only to a 
machine with double cross slides in case simultaneous cutting action is 
desired. These two methods are rapid, both tools finishing their cuts at 
the same time. F^ requires a more costly tool outfit, but on account of 
balancing the cut is preferred where coarse feeds are taken or long work 
is to be formed. The method of producing short screws indicated in F* 
makes use of a rear cutting-off tool after the forming tool has completed 
its work. 
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G illustrates a scheme which is of value where roughing and finiahtng 
cut* are required on exceedingly accurate work. The roughing tool cuta 
off the piece previously formed and leaves a light cut for the finishing 
tool to take on the work outlined. H is selfr«xplanatory, indicating the 
value of the turret support for the work. 

A PAIB OP DOVETAIL TOOLS 

A method is shown in Fig. 262 for getting perfect side clearance in 
dovetail-forming tools. The front tool is used for finishing the left-hand 




sides of the work flanges and the rear tool for finishing the right-hand 
sides and the end, the tools being inclined in opposite direction so as to 
obtain clearance for these cuts. The tools are cut out as indicated by 
the arrows, at diagonally opposite points so that each cutter will clear 
the surfaces finished by the cutter opposite. Similarly, side clearance 
to circular tools is possible by inclining their axes. 

ARRANGEMENT OF CIRCULAR TOOLS 

In Fig. 263, sketches J, K, L, M show various ways of arranging 
forming toob with reference to the direction of rotation of the spindle. 
These are to be considered as being viewed from the turret, looking toward 
the head spindle. The arrangement at / is a most common one when a 
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spring screw die or a tap is to be used. The low-speed forward drive of 
the spindle is used for the cross forming of the work (as at C-C^, F-F^, 
Fig. 261), while the high reverse speed is utilized for removing the die 
or tap and for light cutting-off cuts like that at F". At X is a similar 
arrangement to J, and in some cases this is substituted for the former, 
particularly where the die or tap has a left-hand thread; the cutting-off 
tool is used at the front and the heavier forming cuts taken from the 
rear in this event. 







Fig. 26;^. — Forming Tool Positions 

L and M show arrangement of tools where they operate simultaneously 
or where there is no necessity for reversing the direction of rotation of 
the head spindle. In this latter case the spindle speeds generally differ, 
and by carefully selecting the proper speeds a high rate of production 
will be possible. In all cross-forming work it is essential that the spindle 
fit snugly in its front bearing and that the collet or chuck has a good 
parallel contact with the bar which is being formed. A bell-mouthed 
collet is most frequently the cause of chattering, although excessive 
clearance may also promote chattering. 

The tool holder should be of such design as to hold the tool firmly 
and the cross slide of such dimensions and so gibbed as to permit of no 
spring or shake. With careful attention to these details and providing 
the cuts are supported from the turret when they are wide, and also pro- 
viding the design of the tool and the question of clearances are carefully 
considered, excellent results should be obtained. 

The rates of feed and the subject of lubricants are discussed in other 
chapters of this book. Obviously speeds, feeds, and lubrication all 
have an important bearing on results obtained in the automatic. 



CHAPTER XXVI 

NuRLiNG Tools and Their Applications 

NvRLiNa in the screw machine may be accomplished in several ways. 
The Hofter materials such as rod-brass ^ etc., due to the greater mobility 
of the metal permit of deeper and coarser pitch nurling than the harder 
anil more brittle metals. 

OPERATION OF THE NURL 

(lonerally speaking, the nurling tool which is a hardened tool steel 
roll, with impressions on its periphery the reverse of those desired on the 
work, is allowed to rotate freely when brought into contact with the blank 
that is to be nurled. In some instances, however, long, fancy impressions, 
numbers or letters are to be nurled upon blanks, and in this event precise 
r(*Hults are insured by coupling the nurl to the work spindle by gearing, 
HO as to revolve it positively at a correct uniform speed. 

In addition to producing fancy corrugations by nurling, short threads 
are successfully rolled in. In typewriter manufacturing establishments 
it is common practice to burnish short sections of studs and shoulder 
screws to size by passing across the work two cylindrical hardened and 
ground rolls, which are separated to give the exact diameter desired. 

METHODS OF NURLING 

Referring now to the more common nurling operations, there are three 
methods to consider. 

Method A. Nurling from the turret by use of a holder carrying two 
or more narrow nurls which may be adjusted radially to suit the work. 
These nurls are ^passed longitudinally over the work. Figs. 264 and 265 
illustrate two types of these tools. 

Method B. Nurling from the cross slide by use of a holder carrying 
one or two nurls, and forcing the nurl radially into the work. This is 
illustrated at a and 6, Fig. 266. 

Method C. Nurling from the cross slide by means of a holder carrying 
a nurl, so as to pass tangently across the work. Fig. 267 illustrates this 
type of holder in combination with a cutting-off tool, the nurling opera- 
tion being accomplished first and the cutting-off following. 
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APPLICATIONS OF DIFFERENT METHODS 

Method A J owing to the absence of any side pressure, is recommended 
for all cylindrical nurling operations when the length of the desired im- 
pression is greater than its diameter. In fact many operators use this 
method for all straight work. On complicated work where all the turret 
holes are required for the various cutting tools, it sometimes becomes 
necessary to use holders, which, in addition to holding the nurling tools, 
are so arranged as to hold an internal cutting tool such as a drill or coun- 
terbore. The holder must be stiff so as to hold the nurls to the work 
firmly without spring. 

Method B is only recommended for narrow nurling on soft metals 
close to the end of the head spindle. On hard materials or on wide work, 
the excessive pressure required to force the nurl into the work is apt to 
crowd the work away and produce poor results. 

Method C is a satisfactory means of nurling work up to a length equal 
to its diameter, providing the nurling is close to the end of the head spindle. 
The pressure required to force the nurl into the work is much less than 
by method J5. These last two methods permit of all the turret holes 
being utilized for other operations, and as shown by Fig. 267, method C 
permits of the combining of the nurling and cutting-off operations in one 
holder. Method C may be satisfactorily used for nurling work as in 
Fig. 268, having several narrow steps, by arranging the holders to carry 
three nurl studs as indicated by Fig. 269. The nurls cut one after the 
other, and thus prevent undue pressure due to simultaneous action upon 
the work. 

END NURLING AND BURNISHING 

In addition to nurling upon the periphery of work, quite frequently 
end nurling as in Fig. 270 is required. This is satisfactorily accomplished 
by means of a turret nurl holder carr^'ing a bevel nurl at a suitable angu- 
lar relation to the work as shown in Fig. 271. 

The method of applying burnishing rolls to short studs, screws, etc., 
as referred to in connection with the manufacture of typewriter parts, 
is illustrated in Fig. 272. 

In this chapter the aim has been simply to outline the various methods 
and to point out where they might be successfully used, therefore no de- 
detailed description of the various types of holders or of methods of 
making nurls is given. 

RESULTS OBTAINED 

All of the methods described when used on work for which they are 
recommended should give excellent results, providing the nurling of too 
heavy impressions for the character of the material is not attempted, 
and also providing the work is turned to proper circumferential dimen- 



RESULTS OBTAINED 



233 



sions so as to mesh well with the pitch of the nurling tool without irreg- 
ular spacing at the end of each revolution. A slight variation in the 




FIG. 270 
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Work 
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FIG. 272 

Nurling and Burnishing Tools 

diameter of the blank oftentimes results in a marked improvement in 
the appearance of the piece when nurled, especially on coarse pitch work. 
A liberal supply of lubricant should be used on the work and unneces- 
sarily high speeds avoided. 



CHAPTER XXVII 
Why Chips Cling to Screw Machine Tools 

Clinging of chips to the cutting edges of tools used in the screw 
machine or under similar conditions is due largely to the heating of the 
chip or of the cutting edge of the tool, or both, to such an extent as to 
cause the chip to become ** welded" to the tool. 

This heating may be caused by: (1) Lack of sufficient angular clear- 
ance between tool and work; (2) too high cutting speed and consequent 
dulling of cutting edge of tool; (3) insufficient and improper cooling or 
lubricating material; (4) incorrect rake of cutting edge of tool; (5) lack 
of chip room; (6) too much non-cutting tool surface in contact with work. 

clearance 

Referring to the matter of angular clearance, Fig. 273 gives an idea of 
desirable conditions for a cutting-off tool, while Fig. 274 illustrates un- 
desirable conditions. The sUght flat at a, Fig. 273, is to insure smooth- 
ness of the work. In case circular tools are used in the ordinary manner 
to cut down a form, as in Fig. 275, there is no clearance at the outer 
edge of the cutter at b. By swinging the center slightly, as shown in Fig. 
276, so that the axis of the cutter is not parallel with the axis of the mate- 
rial being worked, perfect clearance may be obtained. When one tool 
is used for cutting both sides of a narrow slot, as in Fig. 277, a rectangular 
form of tool is generally recommended, as complete clearance can be 
obtained. This form of tool has a relatively short life as compared with 
the circular type of tool, and consequently the latter with its partial 
clearance, as shown in Fig. 278, is commonly used. In cases where it is 
not subjected to severe duty as regards cutting speed, good results are 
obtained. When the width of the slot is not important, each side of the 
tool may be finished spirally, giving excellent clearance conditions, as 
illustrated by Fig. 279. The clearance should be ample to avoid undue 
contact with the work, but on the other hand not be so much as to pro- 
duce a thin cutting edge, as the latter will quickly heat under working 
conditions and then, becoming soft, will rapidly become unfit for use. 
Furthermore, chattering may result from too much clearance, as indicated 
at ^, Fig. 282. 

It should be obvious that internal cutting toob require clearance as 
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well as external tools; in the former case not only the cutting lip, but the 
outer diameters require back clearance, as represented in Fig. 280. 

CUTTING SPEEDS 

It is conceded that there is a limit to the cutting speed on account of 
the edge of the tool giving out when an exceedingly high speed is at- 
tempted. There is also a limit due to the heating of the chip so as to 
cause it to weld to the tool. Apparently the material being worked has 
considerable to do with this trouble; experience shows that soft low-carbon 
steel and brass and similar materials will cause the most trouble, as the 
welding process occurs before a speed destructive to the cutting edge 
has been reached. On harder material, i.e., cast iron or steel with more 
carbon, the welding is not as troublesome. 

COOLING AND LUBRICATING MATERIALS 

In many shops ''good lard oil" is the standard prescription for use 
in connection with external and internal cutting operations on cyUn- 
drical work. The advantages of oil are fully appreciated when the ele- 
ment of friction plays an important part — for instance, in cutting threads 
with dies or taps, and in some other internal cuts — but successful results 
have often been obtained when absolute failure seemed apparent by 
substituting a cooling material composed largely of water in place of the 
oil. 

Oil positively will not conduct away the heat generated by high cutting 
speeds and feeds as rapidly as many of the numerous cooling materials 
on the market. Oil, as compared with the thinner liquids, is sluggish 
in penetrating to the point where the chip is being torn from the work. 

For internal work a compromise, or in some cases the clear oil, is 
more desirable on account of the fact that the tools do not generally 
have as perfect a clearance. 

RAKE 

In case of the tool having negative rake, as at C, Fig. 281, the chip 
will be pushed off instead of being clean cut and curled, as at D. When 
negative rake is carried to extremes, the chip which is being broken off 
may be drawn between the cutting edge of the tool and the work and 
thus become wedged and heated, and welding may result. The wedging 
action is particularly troublesome on internal work, and may frequently 
be overcome by changing the type of the flute in the tool. 

In cases of tools having excess positive rake, as in Fig. 282, the cut- 
ting edge, being so thin, rapidly heats and becomes destroyed, so that 
this condition must also be avoided. 

Clearance and rake form quite a deep subject. The exact amount 
depends upon the nature of cut as well as upon the nature of the mate- 
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rial being cut; in this chapter it is not desirable to go into the matter at 
any great length, as it has been treated in connection with various classes 
of tools in the preceding chapters of this section. The point to be empha- 
sized in connection with the subject being treated is that the cutting edge 
must not be given too acute an angle. 

CHIP ROOM 

On internal cutting tools, when there is little chip space, the packing 
or wedging of chips and the resulting heat cause much trouble, particu- 
larly on brass and similar materials; increased chip space overcomes the 
difficulty. 

The form of cutting flute influences greatly the welding action, and in 
some instances the spiral of the flute has an effect. Where a long chip 
causes trouble, a straight flute or sometimes a left-hand spiral is more 
satisfactory than the more common right-hand spiral. 

The cutting edge should generally be radial, as at E, Fig. 283. In 
case it is ahead of the center, as at F, the chip is forced outward and 
against the work, and then may become wedged into the cutting edge. 
Making the cutting edge slightly below center, as at G, where a straight 
flute or right-hand spiral is used, is sometimes recommended, as the chips 
then automatically work toward the center of the tool, and are then forced 
out from the front of the hole being bored. 

When wide chips cause trouble, the cutting edge may be serrated or 
broken and narrower chips produced. 

The style of cutting edge, number of cutting edges, etc., are second 
only in importance to clearance and rake, and much is to be learned in 
this direction. 

SURFACE IN CONTACT WITH WORK 

The difficulty of too much non-cutting surface in contact with the 
work is experienced mostly with internal cutting tools and particularly 
in brass and bronze work. H, Fig. 284, illustrates a drill correctly relieved; 
-K, Fig. 284, is bad. In the latter case the material being worked becomes 
welded to the surface L, on account of the heat caused by the rubbing 
action of such a great amount of contacting surface. 

In conclusion, while it is generally the practice to design tools to suit 
the material, it must not be overlooked that a slight change in the nature 
of the material being machined will oftentimes make possible great 
improvement both as to quality and quantity of work turned out. 
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variable feed mechanism 71 
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Collets and feed chucks, Acme 83, 107 
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spring 171-174 
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Potter & Johnston 138 
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Cut-off tools, clearance of 234 

Cutters, box tool (see Box Tool Cutters) 

forming (see Forming Tools, also Circular and Dovetail Tools) 

Cylinder revolving and locking mechanism. Acme 100, 101 

Gridley 124 

D 

Deflector, Brown & Sharpe 46 

Die and tap holders. Acme 106, 108 

Brown & Sharpe 47, 49 

Qeveland 75, 76 

Prentice 150 

Die and tap revolving attachment. Brown & Sharpe 49 

head, Alfred Herbert 90 

holder, Gridley ; 85, «6 

Pratt & Whitney : :;..:- 208 

holders : . » ;."'. 207 

Dies and taps, sizing .'/, . . it. ; . ^V:'.*.? .'• . '.' 206 

testing threading action i*x<hU .'(^!«vvi. ./..•.... . ^ . . . . 206 
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Dies and taps, types of 195 

beveling work before running on 202 

Dies, button 196 

adjustment of 201 

cutting action 201 

cutting edge location 202 

bobbing out 200 

inserted chaser, Pratt & Whitney 196 

inserted chasers for 200 

speeds for 169 

Dies, spring 196, 197 

cause of chattering 199 

clamp collars for 196 

cutting edges 199 

hardening 198 

hob taps for 198 

internal form 197 

number of prongs 197 

table of dimensions 206 

tapping out 198 

Double-spindle plain automatic machine, Cleveland 93, 94 

work done on 94 

Double-turret screw machine, Spencer 91, 92 

work done on 92 

Dovetail forming tools, clearance angle 213 

clearance of 210-212 

finding true cutting depth 213, 217 

finishing with master tool 219, 220 

methods of making 213-221 

pair with proper clearance 228 

planing 213 

posts for 223-225 

setting planing tool with micrometer and size blocks .... 219 

templet for 219, 220 

Drill and guide, Gridley 83 

holders. Acme 106, 108 

Alfred Herbert 90 

relief 237 

Drills and counterbores, flat 190 

form of flute 237, 238 

clearance of 189 

counterbores and other internal cutting tools 187-194 

serrated, stepped, and fluted lips 188, 189 

single-lip 188, 189 

starting 187, 188 

twist and straight flute 188 

Drilling and chamfering tool, combination, Cleveland 75 

attachment, cross. Acme Ill 

speeds and feeds for 168 

Drive for cam shaft (see Cam Shaft Drive) 
for spindle (see Spindle Drive) 
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Eccentric turning mechanism, Gridley semi-automatic piston ring machine 145 

End-milling attachment, Acme 112 

nurling 233 



Facing bar, back, Potter & Johnston 137 

tools • 187, 188 

Feed and speed regulation, Cleveland 73 

cams for mam tool slide. Acme 102, 103 

for sioclc, Acme 100 

Brown & Sharpe 42 

Cleveland 71 

Pratt & Whitney, angles of 12 

for turret. Pratt & Whitney, finding angles of 17-20 

change mechanism, Gridley multiple-spindle 122, 123 

chucks, hardening 174 

driving mechanism. Acme 97, 98 

Brown & Sharpe 39, 42 

Cleveland 71 

Gridley multiple-spindle 122, 123 

Gridley single-spindle 80, 81 

Potter & Johnston 136 

Pratt & Whitney 8, 9, 10, 21 

Universal 116, 117 

Prentice 148 

mairazine. Cleveland 126, 127 

reguiaimg cams, Cleveland 70 

shaft, tripping levers, etc., Brown & Sharpe 45 

variation, Potter & Johnston 136 

Feeds for screw machine tools (see Speeds and Feeds) 

with different cam angles, Pratt & Whitney, tables of 29-36 

Finishing box tool, adjustable 176, 177 

Fixture for grinding spring collets 173, 174 

Flat drills and counterbores 190 

reamers 192 

Forming cams (see Cams, Cross Slide) 

long work, method of supporting 227 

short screw and other work 227 

speeds and feeds for 167 

Forming tool positions 226, 229 

posts, adjustable 225 

posts for straight tools 224 

for two circular tools 223 

Pratt & Whitney 221-225 

Forming tools and methods of making them . . . i 210-229 

and their clearances 21 1-213 

applications xo work 225-228 

circular, diagrams for finding diameters 213-216 

diameters 212 
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Forming tools« circular, finding diameters at different points 212-217 

finding true cutting depth 213, 217 

finishing in lathe 213 

finishing with master tools 217, 219 

finishing with transfer method 217, 218 

location off-center 211-213 

master tool fixture 218 

master tool templet 218-220 

testing 221 

clearances of 210-212, 234, 235 

dovetail, finishing with master tool 219, 220 

pair with proper clearance 228 

planing 213 

setting planer tool with micrometer and size blocks 219 

finding true cutting depth 213, 217 

methods of making 213-221 

types of 210 

G 

Gears, change (see Change Gear System) 

planetary for Pratt & Whitney feed-drive mechanism 8, 9 

Qridley multiple-spindle 

automatic turret lathe 119-125 

capacity 125 

indexing mechanism 124 

feed-change mechanism 123 

feed-driving mechanism 122, 123 

spindle drive 121, 122 

threading mechanism 123 

tool slide 120-123 

tool-slide cams 122, 123 

Gridley semi-automatic 

piston ring machine 144-146 

boring, turning and cutting-off tools 145 

eccentric turning mechanism 145 

piston ring casting 145 

Gridley single-spindle 

automatic turret lathe 78-88 

cam-shaft drive 80 

capacity 78 

countershaft arrangement 87 

cross-slide mechanism 82 

die holder 85, 86 

finii^ing slide, 12-inch 84 

spindle and chucking mechanism 78, 79 

spring collet and feed chuck 78, 79 

turret-indexing mechanism 80, 81 

turret slide and turret 78-80 

with motor-drive and control 86-88 

QliOding fixture for sginng collets 174 
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Handling material in screw machine department 160 

Hardening spring collets and feed chucks 172, 174 

spring dies 198 

Holders, die (see Die Holders) 

drill and counterbore 191 

reamer, floating 192 

Hollow-mill clamp collars 182 

dimensions 182 

tooth position 183 

Hollow mills. Brown & Sharpe 47 

speeds and feeds for 162, 165 

I 

Independent cut-off attachment, Cleveland 73 

Index for laying out Brown & Sharpe cams 54 

Indexing cams, Pratt & Whitney turret, angles of 15 

mechanism (see Turret Revolving and Locking Mechanism) 
Inserted chaser die, Pratt & Whitney 196 

chasers for dies 200 



J 

Jaws, spring-chuck, methods of hardening 172 

slitting 172 

relieving on bearing surface 174 

L 

Laying out Brown & Sharpe cams 52-63 

index for 54 

tables for 61-63 

typical layout (insert) 54 

Laying out Pratt & Whitney cams 12-36 

tables for 29-36 

typical layouts (insert 18) 13, 27 

Locking bolt mechanism (sec Turret Revolving and Locking Mechanism) 

Lubrication of work and tools 236 



M 

Machine reamers and holders 191, 192 

Magazine attachment, Cleveland 126, 127 

tools for finishing pistons 127 

Magazine automatic, Alfred Herbert 128-134 

carrier mechanism 130 

feed for shells 130 

tools for finishing shells on 133 

Master tools for finishing circular forming tools 217-219 

fixture for 217, 218 
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Master tools for finishing dovetail forming tools 219, 220 

Material, handling in the screw machine department 160 

Milling attachments, Acme 111,112 

Models for use in setting screw machine tools 161 

Motor drive and control, Gridley 86-88 

Multiple-spindle automatic screw machine. Acme 95-113 

Gridley 119-125 

Prentice 147-155 

Universal 114-118 



N 

Nurling, end, and burnishing 233 

tools. Acme 109 

and their applications 230-233 

Brown & Sharpe 48 

holders for 231 

methods of applying 230-232 

operation of 230 

types of 231 

O 

Operation and tool position chart, Cleveland 72 

Potter & Johnston 142, 143 

Operator's duties 159 

P 

Piston ring machine, Gridley semi-automatic 144-146 

Points in setting up and operating automatic screw machines 159-161 

Posts for forming tools 221-225 

Potter & Johnston automatic 

chucking and turning machine 135-143 

back-facing bar 137 

cam-shaft drive 136 

capacities 140 

change-gear system 136 

cross-slide mechanism 137, 138 

feed variation 136 

spindle drive 135, 136 

tool position record 142, 143 

turret and cross-slide tools 138-140 

turret-slide cams 137 

Pratt & Whitney 

automatic screw machine 3-1 1 

angles for chucking cams 12 

for indexing cams 15 

for stock-feed cams 12 

for turret-feed cams 17-20 

box tooU 17^-181 
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Pratt & Whitney 

automatic screw machine pages 

box tools with roller rests 181 

cam-angle computations 15-18 

angles, finding graphically 18-20 

tables of corresponding feeds 29-36 

arrangement 4, 13 

drums and disks 4, 5, 13 

drums, development of 13-20, 27 

layout (insert, 18) 13, 19, 27 

roll spaces 16, 17-20 

shaft and spindle drive diagram 22 

shaft drive 8, 22 

camming of 12-36 

of chucking drum 12-14 

of cross-slide disk 13,20,27 

of turret-slide drum 13-28 

tables 29-36 

capacities 11 

countershaft 8, 10, 22 

cross-slide mechanism 7 

cutting-oflf cams 4, 13, 20, 26, 27 

die holder 207 

die with inserted chasers 196 

feed calculations for 15 

driving mechanism 8, 9, 10, 21 

pulley diameters 21-24 

tables for 29-36 

forming cams 4, 13, 40, 26, 27 

tool posts 221-225 

indexing mechanism for turret 6 

making and attaching cams 26, 28 

pulley sizes and speed and feed tables 33-36 

spindle and chucking mechanism 4, 5 

drive 4,10,21,22 

drum and feed-pulley ratios 21-25 

spring collet and feed chuck 4, 5 

taper-turning tool 183 

turret-indexing mechanism 6 

slide and turret 6 

slide camming 13-28 

two-speed spindle drive 25 

cam computations for ... 25 

cam layout for 26, 27 

Prentice multiple-spindle 

automatic turret machine 147-155 

cam-shaft drive 148 

capacities 153, 155 

chuck and face plate 149 

countershaft arrangements , 153 

double head 154 

spindle drive 148 
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Prentice multiple-spindle 

automatic turret machine pages 

threading mechanism 148 

tools for 150-152 



R 

Rake and clearance of tools 236, 237 

of cut-off tools, positive and negative, effect of 236 

Reamers and holders, machine 191, 192 

flat 192 

machine, clearance for 191 

number of flutes in 193 

rose 191 

taper 193 

three-flute 192 

R«aming, speeds and feeds for 169 

Recessing tools 193 

Record of tool positions, Cleveland 72 

Potter & Johnston 142, 143 

Rests, box tool (see Box Tool Rests) 

Roughing box tool, non-adjustable 176, 177 



Screw machine taps and dies 195-209 

slotting attachment. Brown & Sharpe 50 

Acme 113 

threading dies 195-202 

Setting up and operating automatic screw machines 159 

Setting up models 161 

chart, Cleveland 72 

Potter & Johnston 142, 143 

Shaving tools, Acme 107-110 

Side-milling attachment, Acme 112 

Sizing dies and taps 206 

Slotting and milling attachments. Acme 111-113 

Speeds and feeds for drilling 168 

for finish box tool 166 

for forming 167 

for hollow mills 162, 165 

for reaming 169 

for screw machine work 162-170 

for turning brass 162, 164 

for turning screw stock 162, 163 

Speeds for dies 169 

Spencer double-turret 

automatic screw machine 91, 92 

cam-shaft mechanism, etc 91 

work done on 92 

Spindle and chucking mechanism. Acme 100, 101 

Alfred Herbert magazine 129 
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Spindle and chucking mechanism, Brown & Sharpe 38-42 

Cleveland 67-69 

Gridley, miiltiple-6pindle 122 

Gridley, single-spindle 78, 79 

Pratt & Whitney 4, 5 

Spindle and clutches, Brown & Sharpe automatic with constant-speed drive ... 65 

and feed-drive ratios, Pratt & Whitney 21-25 

Spindle drive. Acme 97 

Brown & Sharpe 39-40 

constant-speed 65 

Cleveland 67 

Gridley multiple-spindle . . : 121, 122 

Gridley single-spindle 78 

Potter & Johnston 135, 136 

Pratt & Whitney 4, 10, 21, 22 

Prentice 148 

Universal 114-116 

Spindle revolutions, determining in camming Brown & Sharpe machine 52-56 

speeds. Brown & Sharpe, tables of 61-63 

Pratt & Whitney, tables of 33-36 

Spotting and facing tools 187, 188 

Spring collets and feed chucks 171-174 

(Also see Collets) 
Spring dies (see Dies, Spring) 
Starting drills 187, 188 



Table of allowances in sizing work for threading 205 

of spring die dimensions 206 

of tap sizes and lands 204 

Tables for finding feed pulley diameters, on Pratt & Whitney automatic 29-32 

for use in camming Brown & Sharpe automatic 61-63 

of feeds for different cam angles on Pratt & Whitney automatic 29-36 

of speeds and feeds for screw machine work 162-170 

Tap and die holders, Acme 106, 108 

Brown & Sharpe 47-49 

Cleveland 75, 76 

Pratt & Whitney 208 

Prentice 150 

revolving attachment. Brown & Sharpe 49 

Tap relief 205 

spiral flute 205 

Tapping out spring dies 198 

Taps and dies, screw machine 195-209 

sizing 206 

testing threading action 206 

cutting edges for brass, copper, etc 203 

Echols' patent 203, 204 

length and number of lands 204 

Taper reamers 193 
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Taper turning tool, Brown & Sharpe 46, 48 

Gridley 85 

Pratt & Whitney : 183 

Templet for cams, Brown & Sharpe 54 

for forming tools 218-220 

Testing circular fonning tools 221 

Third spindle-speed attachment, Cleveland 74 

Thread-rolling tools, Acme 109, 110 

Threading, allowances in sizing work for 205 

dies 195-202 

mechanism. Acme 104, 105 

Gridley 123 

Prentice 148 

Universal 115 

short work with dies 202 

speeds for taps and dies 169, 170 

Tool positioix record, Cleveland 72 

Potter & Johnston 142, 143 

posts, forming 221-225 

slide. Acme 102, 103 

Gridley 78, 80, 122, 123 

Universal 114 

Tools, Acme 106-113 

Alfred Herbert 90 

magazine 133 

box, and other external cutting appliances 175-186 

(Also see Box Tools) 

Brown & Sharpe 46-49 

Cleveland 74-77 

magazine 127 

forming (see Forming Tools, and Circular and Dovetail Forming Tools) 

internal, form of flute 238 

Gridley 83-86 

Gridley, piston ring 145 

nurling (see Nurling Tools) 

Potter <fe Johnston 138-140 

for fly wheels 140 

for gas engine pistons 140 

Prentice 150-152 

for undercutting 151 

Pratt <fe Whitney (see items under Pratt & Whitney) 

recessing 192 

spotting and facing 187, 188 

turner with roller back rests, CJridley 83 

Turning and boring spring collets 171 

Turret lathes and mactiines, automatic (see Automatic Screw Machines) 

revolving and locking mechanism, Acme 100, 101 

Brown & Sharpe 43, 44 

Gridley multiple-spindle 124 

Gridley single-spindle 80-82 

Pratt & Whitney 6 
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Turret revolving and locking mechanism, Prentice 147-149 

Universal 117, 118 

Turret-slide cams, Brown & Sharpe, laying out 56-59 

Pratt <fe Whitney, angles of 17-20 

laying out 13-20, 27 

tables of feeds corresponding to given angles 29-36 
(Also see Cams, Turret Slide) 
Turret slide and turret (see items under Brown & Sharpe, Cleveland, etc.) 

tool diagram. Brown & Sharpe 58 

Twist drills, clearance and relief 189, 238 

for starting holes 187, 188 

U 

Undercut forming and cut-off tool, Cleveland 76, 77 

Universal multiple-spindle 

automatic screw machine 114-118 

cam-shaft brake 116 

drive 116,117 

capacities 118 

change-gear system 116 

spindle drive 114-116 

threading mechanism 115 

turret-locking bolt 118 

V 
Variable-feed mechanism, Cleveland 71 

W 

Welding of chips to tools 234 

Why chips cling to screw machine tools '.234-238 



